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Patent 

File No. 275.00070160 

THE USE OF P57/KIP2 TO EVALUATE AGENTS FOR THE TREATMENT AND 

PREVENTION OF CANCER 

The present invention is directed to a method of determining if cancer cells are resistant 
to an agent by detennining the p57/KIP2 level in the cancer cells prior to contact with the agent; 
contacting the cancer cells with the agent; detennining the p57/KIP2 level in the cancer cells 
after contact with the agent; comparing the p57/KIP2 level in the cancer cells after contact with 
the agent to the p57/KIP2 level in the cancer cells prior to contact with the agent; where an 
increase in the p57/KIP2 level in the cancer cells after contact with the agent compared to the 
P57/K1P2 level in the cancer cells prior to contact with the agent indicates the cancer cells are 
resistant to the agent. 

The present invention is directed to a method of determining if cancer cells are resistant 
to an agent by contacting the cancer cells with the agent; detennining the p57/KIP2 level in the 
cancer cells after contact with the agent; where an increase in the p57/KIP2 level in the cancer 
cells after contact with the agent indicates the cancer cells are resistant to the agent. 

The present invention is directed to a method of detennining if cancer cells are sensitive 
to an agent by detennining the p57/KIP2 level in the cancer cells prior to contact with the agent; 
contacting the cancer cells with the agent; detennining the p57/KlP2 level in the cancer cells 
after contact with the agent; comparing the p57/KIP2 level in the cancer cells after contact with 
the agent to the p57/KlP2 level in the cancer cells prior to contact with the agent; where no 
increase in the p57/KIP2 level in the cancer cells after contact with the agent compared to the 
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P57/KIP2 levels in the cancer cells prior to contact with the agent indicates the cancer cells are 
sensitive to the agent. 

The present invention is directed to a method of determining if cancer cells are sensitive 
to an agent by contacting the cancer cells with the agent; determining the p57/KlP2 level in the 
cancer cells after contact with the agent; where no increase in the p57/KIP2 level in the cancer 
cells after contact with the agfent indicates the cancer cells are sensitive to the agent. 

The present invention is directed to a method of identifying an agent effective for the 
treatment of a cancer by determining the p57/KIP2 level in cancer cells prior to contacting with 
the agent; contacting the cancer cells with the agent; determining the p57/KIP2 level in the 
cancer cells after contacting with the agent; comparing the p57/KIP2 level in the cancer cells 
after contacting with the agent to the p57/KIP2 level in the cancer cells prior to contacting with 
the agent; where no increase in the p57/KIP2 level in the cancer cells after contacting with the 
agent compared to the p57/KIP2 level in the cancer cells prior to contacting with the agent 
indicates the agent is effective for the treatment of a cancer. 

The present invention is directed to a method of deteimining the therapeutic effectiveness 
of an agent by contacting normal cells with the agent; determining the p57/KIP2 level in the 
normal cells after contacting with the agent; contacting cancer cells with the agem; determining 
the p57/KIP2 level in the cancer cells after contacting with the agent; comparing the p57/KIP2 
level in the noimal cells after contacting with the agent to the p57/KIP2 level in the cancer cells 
after contacting with the agent; where a higher p57/KIP2 level in the normal cells compared to 
the P57/KJP2 level in the cancer cells indicates the agent is effective for the treatment of cancer. 

The present invention is directed to a method of optimizing the formiilatioh of an agent 
for the treatment of a cancer by contacting cancer cells with a first formulation of the agent; 
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determining the p57/KJP2 level in the cancer cells contacted with the first formulation of the 
agent; contacting cancer cells with a second formulation of the agent; determining the p57/KIP2 
level in the cancer cells contacted with the second formulation of the agent; comparing the 
p57/KlP2 level in the cancer cells contacted with the first formulation of the agent to the 
pS7/KIP2 level in the cancer cells contacted with the second formulation of the agent; where the 
formulation with the lower level of p57/KIP2 indicates the formulation of the agent more 
effective for the treatment of a cancer. 

As used herein an agent includes any agent used for the treatment or prevention of 
cancer. For example, an agent includes, but is not limited to, chemical agents for the treatment 
or the prevention of cancer. Such chemical agents include, for example, the green tea 
polyphenols (GTPPs) such as (-)-Epicatechin (EC), (-)-Epigallocatechin (EGC), 
(-)-Epicatechin-3-gallate (ECG) or (-)-Epigallocatechin-3- gallate (EGCG). 

As used herein, cancer cell includes any cancer cell in which an induction in the level of 
p57/KIP2 is observed. For example, this includes, but is not limited to, epithelial carcinoma cell 
lines, such as oral squamous carcinoma cell lines, metastatic oral carcinoma cell lines, or breast 
epithelial carcinoma cell lines, and human carcinomas of epithelial origin, such as oral squamous 
carcinoma, metastatic oral carcinoma or breast epithelial carcinoma. 

EXAMPLES 

The present invention is illustrated by the following examples. It is to be understood that 
the particular examples, materials, amounts, and procedures are to be interpreted broadly in 
accordance with the scope and spirit of the invention as set forth herein. 
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Example 1 

Chemopreventive Effects of Green Tea Polyphenols Correlate 
with Reversible Induction of p57 Expression 

Green tea polyphenols are known to induce apoptosis in certain types of tumor cells. 
However, mechanism(s) that enables normal cells to evade the apoptotic effect is still not 
understood. In this study. Western analysis combined with cycloheximide treatment was used to 
examine the effects of green tea polyphenols on expression levels of p57, a cyclin dependent 
kinase and apoptosis inhibitor, in normal human keratinocytes and the oral carcinoma cell lines 
SCC25 and 0SC2. The results showed that the most potent green tea polyphenol, 
(-)-epigallocatechin-3-gallate (EGCG), induced p57 in normal keratinocytes in a dosage and 
time dependent manner, while levels of p57 protein in oral carcinoma cells were unaltered. The 
differential response in p57 induction was consistent with the apoptosis status detected by 
annexin V assay. The data suggest that the chemopreventive effects of green tea polyphenols 
may involve p57 mediated cell cycle regulation in normal epithelial cells. 

A decade ago, using animal models, green tea was shown to possess an anti-tumor effect 
(1). Since that time, numerous studies have shown green tea to be chemopreventive in 
experimental animal and cell culture models. This property has been attributed to the green tea 
polyphenols (GTPPs) (reviewed in ref. 2). The major polyphenols present in green tea are 
(-)-Epicatechin (EC), (-)-Epigallocatechin (EGC), (-)-Epicatechin-3-gallate (ECG) and 
(-)-Epigallocatechin-3- gallate (EGCG) (reviewed in ref 3). Chemopreventive and therapeutic 
effects of green tea, and of EGCG's, include: induction of apoptosis in transformed cells but not 
in normal cells (4, 5, 6); reversible Gl arrest of the cell cycle by inhibition of pRb 
phosphorylation in pre-cancerous cells (7); modulation of cell cycle regulators in A431 
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epidermoid carcinoma cells (8); inhibition of carcinogen/mutagen-DNA binding (9, 10); 
inhibition of UV induced DNA damage and p53 overexpression (11); and inhibition of 
UV-induced AP-1 component expression, activity and phosphorylation (12-14). Previous 
studies have shown that neither GTPPs or EGCG induce apoptosis in the normal keratinocytes 
used in this study (NHEKs) (15, 16). However, the identification of specific intracellular targets 
for GTPPs in normal human epithelial cells has been limited to date. Furthermore, the 
mechanism(s) for the discordant response to GTPPs/EGCG by normal and tumor cells remains 
unexplained. It is probable that GTPPs/EGCG cause growth arrest in normal cells and 
pre-cancerous cells by affecting cyclin dependent kinase inhibitors (CKIs) such as pi 5, p21, p27 
and p57, while inducing apoptosis in rapidly replicating tumor cells. Taken together, more 
information is needed fi-om normal human epithelial cells to understand the chemopreventive 
effect of GTPPs prior to clinical applications. 

In a previous study, we profiled the response of certain cell cycle regulators to 
GTPPs/EGCG in combination with two tobacco-derived carcinogens, 3,4-benzo (alpha) pyrene 
(BaP) and 4-(methylnitrosamino)-l-(3-pyridyl)-l-butanone (NNK) in normal human neonatal 
keratinocytes and the metastatic oral carcinoma cell line 0SC2. Western blot analysis showed 
that GTPPs/EGCG did not significantly induce the expressions of pi 5, p21and p27. We also 
found that BaP and NNK altered the expression of certain cell cycle regulators in both normal 
human epithelial cells and, \\y a lesser extent, the oral carcinoma cells (1 7). 

In this study, we examined p57 (K1P2) as a potential target for green tea polyphenol 
regulation. p57 is a potent, p53-independent, tight-binding Gl cyclin/CDK inhibitory protein 
(18). The human p57 gene is located at chromosome 1 lpl5.5 (19). p57 has been found crucial 
to embryonic development in mice. Lack of p57 expression resulted in early postnatal death and 
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growth retardation (20). Elevation in p57 expression was associated with intestinal cell 
differentiation (21). In vitro studies showed induction of p57 leads to a potent growth arrest in 
Gl with concomitant hypophosphorylation of Rb and diminished E2F-1 (22). To identify 
whether GTPPs induce p57, we determined p57 protein levels in normal human epithelial cells, 
an oral carcinoma cell line SCC25 and a metastatic oral carcinoma cell line 0SC2 following 
various treatments using GTPPs. 

MATERIALS AND METHODS 

Chemicals and compounds: EGCG was obtained from the Lipton Company, A mixture 
of GTPPs was purchased from LKT Lab. Inc. The carcinogen NNK was purchased from 
Toronto Research Chemicals, Inc. and BaP was obtained from Sigma. GTPPs and EGCG were 
dissolved in cell culture media and filter-sterilized inunediately prior to use. The NNK and BaP 
were solubilized with DMSO. Annexin V-EGFP Apoptosis Kit was purchased from 
CLONTECH Lab. Inc., Palo Alto, CA. 

Cell lines and cell culture: The normal human keratinocytes (NHEK CC-2507) were 
obtained from Clonetics. The SCC25 cell line (Obtained from American Type Culture 
Collection) was isolated from a squamous cell carcinoma of the tongue of a 70 year-old male 
(23). The OSC2 cell line (provided by Dr. Tokio Osaki) was isolated from a submandibular 
lymph node metastasis of a 68-year old female. The primary tumor was located in the gingiva of 
this patient (24). 0SC2 cells have a p53 mutation at exon 8, site 280, resulted in an Arg to Thr 
conversion (25). SCC25 cells have undetectable p53 levels, while 0SC2 cells over-express p53 
(17). SCC25 and OSC-2 cells were maintained in 45% Dulbecco's MEM medium (DMEM), 
45% Ham's F12 medium and 10% newborn calf serum, 100 Unit/ml penicillin, 100 ^g/ml 
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streptomycin and 5 tig/ml hydrocortisone. The keratinocytes (two batches were used for 
repeatability) were cultured and maintained in KGM-2 medium (Clonetics). All cell cultures 
were maintained in a 37oC incubator with 5% COj. For Western blot analysis, the keratinocytes 
were placed in KGM-D medium (Clonetics) overnight prior to treatment. Rabbit anti-p57 and 
goat anti-actin antibodies used in this study were purchased from Santa Cruz Biotech Company. 
Each experiment was repeated at least three times. Three batches of the normal human 
keratinocytes were tested with consistent results for p57 induction. 

Cell treatments: For 24 h treatments, exponentially growing cells with 40% confluency 
(to minimize differentiation and spontaneous apoptosis) were either maintained in 50 mM 
EGCG (2.29 mg/100 ml) or 0.2 mg/ml of GTPPs in tissue culture flasks (25 cm2). Control 
flasks contained cells without any treatment. To test whether BaP or NNK interfere with the 
induction of p57, the human keratinocytes were treated with 0.12 |iM BaP, or 10 jiM NNK, 
either alone or in combination with 50 [iM EGCG. To examine the time course of p57 
induction, cells were treated with 50 ^iM EGCG and harvested for Western analysis at 30 min., 2 
h, 6 h and 24 h. The human keratinocytes were treated when the cell density reached 85-90% 
confluency (to mimic the epithelium). 

In a parallel series of experiments, treatment with EGCG was performed with 30 jig/ml 
cycloheximide added to the keratinocyte media 30 min. prior to the addition of EGCG. 
The dose-response experiments were performed using EGCG concentrations at 30, 50 100, and 
200 \iM in the culture media for 24 h. 

Western blot analysis: Cells from different treatment groups were lysed in RIPA buffer 
(1% NP-40, 1% sodium deoxycholate, 0.1% SDS, 0.15 M NaCl, 0.01 M sodium phosphate, pH 
7.2, and 1% Trasylol) containing proteinase inhibitors (1 mM PMSF, 1 g/ml each of aprotinin, 
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leupeptin, and pepstalin). The concentration of protein in each sample was determined using the 
BioRad DC Protein Assay and spectrophotometry. 50 \ig of protein from each sample and a 
BioRad molecular weight standard marker were run on a 10% SDS-PAGE, followed by transfer 
to nitrocellulose membranes. Nonspecific binding to membranes were blocked with 10% nonfat 
milk. Specific primary polyclonal (rabbit) antibody against p57 and a horse radish 
peroxidase-conjugated goat anti-rabbit secondary antibody were used in conjunction with the 
ECL Chemiluminescence Kit and membranes were exposed to radiographic films for detection. 
Annexin V apoptosis assay: Initially, 10^ 0SC2 cells were seeded in each chamber of an 
8-chamber chamberslide and 5X10^ human keratinocytes were seeded in each well of a 24-well 
tissue culture plate. When the cells formed a monolayer in the center, fresh media containing 0.2 
mg/ml of GTPPs was added, and 24 h later, the Annexin V assay was performed according to the 
manufacturer's instructions with minor modifications. Visualization and photography were 
realized by confocol-fluorescence microscope imaging using a dual filter set for FITC & 
rhodamine. 

RESULTS 

Data generated fit)m this study showed a novel observation: p57 was accumulated in 
normal human epithelial cells, but not in oral carcinoma cells at 40% confluency, following 
incubation for 24 h with either 50 \iM EGCG or 0.2 mg/ml GTPPs (Figure 1 A). The 
keratinocytes consistently showed modestly higher levels of actin (used as a loading control) 
than the oral carcinoma cells when the same amount of the protein was loaded. When BaP and 
NNK were present, EGCG-stimulated p57 protein accumulation still occurred in the epithelial 
cells, although at slightly lower levels compared to EGCG alone (Figure 1 B). BaP and KNK 
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alone did not alter p57 expression, as shown in lanes 2 and 3. When the normal epithelial cell 
density was 90%, p57 expression induced by 50 mM EGCG reached its peak at 6 h, and declined 
to basal levels by 24 h (Figure 2A). This contrasts with the results obtained at 40% confluency 
(Figure 1 A) where p57 levels remained high. However, when the EGCG concentration was 
increased to 100 ^iM or 200 jiM, p57 levels in cells at 90% confluency remained high throughout 
the 24 h period examined (Figure 2B). Thus, the induction of p57 by EGCG is dependent on the 
dose, time and confluency of the cells. Treatment with cycloheximide resulted in a gradual 
decline in p57 protein levels, while actin levels remained relatively constant, indicating that in 
normal human keratinocytes. the p57 protein accumulation induced by 50 ^iM EGCG was the 
result of new synthesis instead of decreased degradation (Figure 2A, EGCG + Chx). The 
metastatic oral carcinoma 0SC2 cells failed to elevate p57 expression in response to EGCG at 
any time point or concentration (Figure 3). The annexin V apoptosis detection assay 
demonstrated that 0.2 mg/ml GTPPs induced differential response in apoptotic status from the 
normal epithelial cells and the oral carcinoma cells. Only OSC2 cells treated with 0.2 mg/ml 
GTPPs exhibited apoptosis detected by green colored annexin V-FITC associated with 
phosphatidylserine on the outer cell membrane and broken cell membrane. The human 
keratinocytes. both control and GTPPs treated, did not show phosphatidylserine translocation or 
broken cell membranes, nor did 0SC2 control. As indicated by annexin V-FITC, which binds to 
apoptotic cells that expose phosphatidylserine molecules on the outer layer of the cell 
membrane, 0SC2 cells treated with GTPPs for 24 h showed massive apoptosis, compared with 
untreated cells. In contrast, the keratinocytes did not exhibit any phosphatidylserine 
translocation in the control nor in GTPPs treated samples. 
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DISCUSSION 

It is a significant observation that a group of plant derived compounds can induce a cell 
cycle regulator in normal human cells in a time and dose dependent manner. Therefore we 
report here, for the first lime, that p57 (K1P2), a CDK and apoptosis inhibitor, is an 
intracellular/nuclear target for green tea polyphenols in normal human epithelial cells 
(keratinocytes), but not in the tumor cells tested. Furthermore, the tobacco carcinogens BaP and 
NNK do not markedly inhibit this p57 induction (Figure IB). But the long-term effect of BaP 
and NNK to the p57 induction is not known. p57 induction in the normal epithelial cells showed 
remarkable correlation with apoptosis resistance. This correlation of p57 induction (Figure 1 A) 
and resistance to GTPPs-induced apoptosis only in normal human keratinocytes suggests that 
p57 may be involved in mechanisms that enhance cell survivability during GTPPs treatment. 
The N-terminus of p57 protein is able to bind CDK-cyclin complex and inhibit its kinase 
activity; the C-terminus of p57 protein contains a PCNA (proliferating cell nuclear 
antigen)-binding domain that suppress cell proliferation (26). It is possible that elevated p57 
protein expression may induce reversible growth arrest in the normal keratinocytes and prevent 
E2F mediated apoptosis through hypophosphorylation of Rb protein (22). In contrast, oral 
carcinoma cell lines derived fi^om a primary site and from a metastasis failed to elevate p57 
expression, and would be unable to survive the apoptotic effect of GTPPs/EGCG. This 
differential response in p57 induction may help us to explain why green tea polyphenol-mediated 
apoptosis has been found only in tumor cells (4, 5, 6, 27, 28), In addition, EGCG concentration 
and cell density are two determinant factors for the duration of each p57-induction cycle. Future 
investigations should include models that resemble human epithelial/endothelial tissues to 
extend our understanding of the chemopreventive effects of GTPPs through induction of p57 
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expression. These effects could simultaneously protect the normal cells and induce apoptosis in 
tumor cells by other mechanism(s). We have reported that EGCG inhibited the growth and 
invasion of metastatic oral carcinoma 0SC2 cells (17). The SCC25 cells were reportedly 
inhibited by GTPPs (29). Activation of caspase 3 by EGCG in tumor cells was first reported in 
human chondrosarcoma cells with simultaneous and dosage dependent growth inhibition and 
apoptosis (6). Studies on human cervical squamous carcinoma HeLa cells showed 25 |iM EGCG 
activated caspase 3 activity in 1 6 h. This activation was accompanied by time- and 
dose-dependent activation of mitogen-activated kinases ERK, JNK and p38 (30). A recent 
report showed green tea extract induced cytochrome c release and caspase-3-like protease 
activation in Ehrlich ascites tumor cells (31). Thus, accumulating evidence suggests that GTPPs 
selectively induce caspase 3 mediated apoptosis in tumor cells. Since loss of p57 
expression/induction often occurred in tumor cells, such cells would undergo 
GTPPs/EGCG-induced apoptosis (32, 33). Conversely, non-cancerous cells such as 
T-lymphocytes protect themselves from apoptosis by elevation of p57 (34). Therefore p57 
elevation could be responsible for normal keratinocyte cell survival when exposed to GTPPs. 
This hypothesis is currently being tested in our laboratories. We conclude that a group of plant 
derived compounds, green tea polyphenols, are able to induce p57 protein expression in human 
keratinocytes but not in two oral cancer cell lines tested. This induction is dosage- and 
time-dependent. It is apparent that exposure to GTPPs^GCG reversibly increases the level of 
inuacellular p57 expression in the normal human epithelial cells tested, which may serve as a 
dual-effect chemopreventive mechanism. When cells lose the p57 response as in tumor cells, 
these cells would be defenseless and selectively induced to apoptosis by GTPPs/EGCG. 
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Therefore, frequent consumption of green tea or green tea polyphenols may contribute to 
chemoprevention against oral cancer. 

LEGENDS OF FIGURES 

Figure 1 . A. Differential p57-induction demonstrated by Western analysis of whole cell 
lysates from human kcratinocytes, SCC25 and 0SC2 human oral carcinoma cells at 40% 
confluency. Only the keratinocytes responded to EGCG and GTPPs by elevation of p57. Cells 
were treated for 24 hr as follows: C. Control; E. 5.0 |aM EGCG; G. 0.2 mg/ml GTPPs. p57 
levels in SCC25 and 0SC2 cells remained unchanged. B. p57 induction in Western analysis of 
whole cell lysates from human keratinocytes treated under different conditions: 1. Control; 2. 
BaP; 3. NNK; 4. EGCG; 5. EGCG + BaP; 6. EGCG +NNK. The relative densities of the p57 
bands were compared on Western blots using the UTHSCSA Image Tool imaging software. The 
blot image was converted from color to grayscale and the band density measured on a scale of 
1-255 densitometric units/ mm2. Lane 4 (EGCG treated) represents a 12-fold increase comparing 
to lane 1 (Control). 

Figure 2. A. Reversible p57 induction in Western analysis of whole cell lysates from 
human keratinocytes in a time course experiment with 85-90% cell density. C (lane 1): 24 h 
untreated cells as control; EGCG (lanes 2-5): cells treated for the indicated length of time with 
50 ^M EGCG; EGCG + Chx (lanes 6-9): cells treated for the indicated length of time with 50 
liM EGCG and 30 |ig/ml cycloheximide. B. Increasing p57 expression in Western analysis of 
whole cell lysates from human keratinocytes on dose response experiment with 85-90% cell 
density. Cells were treated with indicated concentrations for 24 h prior to harvesting. 
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Figure 3. Lack of p57-inciuction demonstrated by Western analysis of whole cell lysates 
from 0SC2 cells. Darker background with p57 bands was due to extended exposure time 
following ECL reaction (10 min). Lane 1-4 are samples treated with indicated concentration of 
EGCG for 24 h. Lane 5 (C) contains control sample without any treatment, lanes 6-9 contain 
samples treated with 50 \M EGCG for the indicated length of time. The nitrocellulose 
membrane was hybridized with anti-p57 antibody followed by hybridization with anti-human 
actin antibody. 
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Figure I. A. Differential p57-inducuon demonstrated by Western blot 
onttfysts of whole ceil fysates from human kemtinocytes, SCC25 and 0SC2 
human oral carcinoma cells at 40% confluency. Only the kemtinocytes 
responded to EGCG and CTPPi by elevation ofp57. The cells were treated 
for 24 hours as foUows: C Control. E. 50 pM EGCG; G 02 mglml 
GTPPs. p57 leveb in SCC25 and 0SC2 cells remained unchanged. B. p57 
induction in Western blot analysis of whole cell fysates from human 
keratinocytes treated under different conditions: I. Control; 2 BaP, 3. 
NNK; 4 EGCG; S EGCG + BaP; 6 EGCG + NNK The relative 
densities of the pS7 bands were compared on Western blots using the 
UTHSCSA Image Tool unagtng software The blot image was converted 
fmm color to gray scale and the hand density measwed on a scale of 1-255 
densuomeiric umt^l nwf. Lane 4 (EGCC-tieatedi icfuewnts a 12 fold 
increase compared to lane I (Control) 
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Figure 2. A Reversible p57-mduction m Western blot analysts of whole cell 
fysates from human keratinocytes in a tune course expenment with 85-90% 
cell density. C (lane 1): 24-hour untreated cells as control, EGCG (lanes 2- 
5). cells treated for the indicated length of time wuh 50 pM EGCG; EGCG 
+ Chx (lanes 6-9) cells treated for the indicated length of time wUh 50 pM 
EGCG and 30 pglml cycloheximide B Increasing p57 expression in 
Western bht anafys'is of whole cell fysates from human keratinocytes on 
dose response experiment with 85-90% cell density The cells were treated 
with indicated concentrations for 24 hours pnor to harvesting. 
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Figure 3. Lack of p57-mductton demonstmted by Western blot analysts of 
whole cell fysates from 0SC2 cells The darker background wuh pS7 bands 
was due to extended exposure ume following ECL reaction (10 minutes). 
Lanes 1-4 are samples treated with indicated concentration of EGCG for 
24 hours. Lane 5 (C) contains control sample without any treatment while, 
lanes 6 9 contain samples treated with 50 pM EGCG for the mdicated 
length of time. The nutocellulose membrane was hybndued with anti-p57 
antibody followed by hybndization with anti-human actin anubody. 
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Example 2 

Chemoprevention of Oral Cancer by Green Tea 

Cancer is the second leading cause of death in the United States following only to 
cardiovascular diseases. More than 30,000 patients will be diagnosed with oral cancer with an 
estimated 7800 deaths (1). The rates of oral cancer have been decreasing since early 1980's; 
nevertheless, a rather static five year mortality rate of 53% to 56% has been reported during the 
past few years (1-4). Furthermore, the disfigurement from surgical treatment of these cancers 
often results in prolonged trauma in patients even after the disease has been controlled. The 
highest rates of oral cancer are in developing countries such as South Asia and Southeast Asia 
where oral cancer is the first or second most common malignancy (5. 6). The incidence of oral 
cancer in Europe and United States is ~ 2-6%. whereas in some parts of India, it accounts for 
30-40% and is regarded as a 'new epidemic' (7-9). 

The risk factors for oral squamous cell carcinoma include primarily smoking (cigarettes, 
cigars, pipe), smokeless tobacco (chewing tobacco and smff), and alcohol, which has a 
synergistic effect with smoking (2, 10-12). In addition, the data regarding the role of viruses 
(13) oncogenes (14), and sun light have also been forthcoming (15). The differential oral cancer 
incidence among countries, and even among populations in the same country may reflect 
variations in the etiologic factors, tumor promoters and their interaction with dietary 
constituents, habits, genetics, environment and hygiene. 

The use of smokeless tobacco has been associated with the development of oral 
precancerous and cancerous lesions. TTie types of chewing tobacco and snuff commonly used in 
North America and European countries are considered carcinogenic and risk factors for 
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development of oral cancer (16, 17). A classical study estimated that 1/3 of the oral neoplasms 
were attributable to the use of snufi"(l 8). The available smokeless tobacco products in the 
United States and European countries generally do not contain significant additional materials 
commonly designated as 'additives', compared to specific global areas with a high rate of oral 
leukoplakia and cancer. For example, smokeless tobacco in combination with additives such as 
Areca nut, Betel nut. Betel leaf. Catechu and Cardamom is strongly associated with development 
of oral leukoplakia and cancer in India (16, 19,-21). The progression of leukoplakia, 
potentially considered a premalignant lesion, to carcinoma is unpredictable. Homogenous 
leukoplakia exhibits a malignant transfomiation rate of approximately 7%. while transformation 
rates for eiythroleukoplakia and epithelial dysplakia are estimated at 23% and 36%, respectively 
(2). Oral cancer is known to exhibit 'Field Cancerization' (22), and the patients subsequently 
develop a second primary tumor at an annual rate of 4%-7% (2). 

It is evident that smoking is one of the etiological factors in the development of oral 
cancer in the United States (10). However, there is still no explanation as to why China, which 
has a population of heavy smokers and poor oral hygiene, has a far lowest incidence of oral 
cavity, lip, and pharyngeal cancers in males (4.66/1 00000) compared to North America 
(1 1 .69/1000000) and South Central Asia (20.5/100000) (7, 8). The Chinese population is unique 
in its high consumption of green tea. Drinking tea has been a tradition for many centuries; in 
fact more than 2/3 of the world population consumes this most popular beverage, but majority of 
tea consumed in the world is black tea (78%), not green tea (20%) (23). 

In epidemiological studies, green tea consumption appears to lower the risk of 
gaslro-intestinal cancer (24), esophageal cancer (25) and decrease lymph node metastasis of 
breast cancer (26). Some studies have associated with an increased risk of cancer with tea 
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intake, but inconsistencies have been attributed to the consumption of very hot or salty tea in 
specific geographic locations, as well as other confounding factors, which may include use of 
tobacco and alcohol in these geographical locations. In animal studies, green tea and its 
compounds were found to possess preventive or therapeutic effects against lung cancer (27, 28). 
prostate cancer (29, 30). and urinary bladder cancer (31). 

This brings in focus the role of putative chemopreventive agents such as green tea, which 
can act in local oral environments as well by systemic absorption. Cancer chemoprevention has 
been defined as the use of agents to slow the progression of, inhibit, delay or reverse 
carcinogenesis (32). The efficacy and application of chemopreventive agents depends upon the 
identification of target molecules. For example, signal transduction modulators, oncogene 
inhibitors and retinoids have shown significant chemopreventive activity. The potential roles of 
cell cycle regulators are germane to our invesUgations (33, 34). Green tea appear to be 
chemopreventive both before the onset of malignancy, and following cancer treatment (35). 
Recent human studies demonstrated that green tea consumption reduced oxidative DNA damage 
and free radical formation in smokers and non-smokers (36, 37). 

Green tea was found to possess anti-tumor effects in animal models a decade ago (38). 
Since then, green tea has been proven chemopreventive against carcinogenesis/tumorigenesis in 
mammals (29, 26. 31) and cell culture models (39). TTiis property has been attributed to its 
antioxidant components, green tea polyphenols (GTP) (40, 41 and 42 for review). The four 
major polyphenols present in green tea are (-)-Epicatechin (EC). (-)-Epigallocatechin (EGC), 
(-)-Epcatechin-3-gallate (ECG) and (-)-Epigallocatechin-3-gallate (EGCG) (43 for review), 
among which, EGCG has been tested to be able to access organs throughout the body (44). 
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Green tea inhibits growth of many types of human cancer cells (39, 45-47). On the molecular 
level, GTP/EGCG were found to inhibit: UV-induced DNA damage and p53 tumor-suppressor 
gene overexpression (48); carcinogen/mutagen-DNA binding (49, 50); as well as inhibition of 
oncogene expression and mitogen-activated protein kinase (MAPK) activation (51). Other 
effects ascribed to GTP or EGCG include inhibition of tumor necrosis factor alpha (TNF-alpha) 
gene expression and TNF-alpha release from cells (26), inhibition of tumor promoter-induced 
AP-1 activation and tyrosine phosphorylation of PDGF beta receptor (52). EGCG was also found 
to induce caspase-3 activated apoptosis (programmed cell death) in tumor cells (53, 54). 

In addition, evidence showed that GTP/EGCG at concentrations that induced apoptosis in 
tumor ceils, failed to induce apoptosis in normal human keratinocytes (53, 55). It is suggested 
that GTP differentially directs the fates of normal and tumor cells. Although there is some 
evidence for protective effects of green tea against oral lesions, studies on the effects of green tea 
on oral lesions are limited (56), and mechanism(s) for the distinct survival/death responses to 
GTP/EGCG by normal and tumor cells remain unexplained. 

Therefore, the current investigation was designed to investigate the effect of GTP/EGCG 
on normal keratinocytes and oral squamous cell carcinoma (SCC) cells in order to elucidate 
molecular parameters that might be protective for normal cells and cause cell death in neoplastic 
cells. These observations would provide a scientific basis for green tea as a bona fide 
chemopreventive agent for oral malignancy and justify its institution as a safe public health 
strategy. 

Cancer is increasingly viewed as a cell cycle disease (33 for review). In eukaryotes, the 
cell cycle is controlled by a number of cell cycle regulators (57) such as cyclin dependent 
kinases (CDKs) and CDK inhibitors (CKls) (58-61). CKls regulate the cell cycle by imposing 

22 



Cfliji*^.:?'»r:r..iU4TjiE;!i .il r; i-a rr. 



growth arrest. When growth arrest occurs in normal human keratinocytes, these cells became 
resistant to apoptosis signals such as UV light (62). Previously published reports did not show 
significant induction of cell cycle regulator proteins by GTP/EGCG, which may be ascribed to 
limited data available in normal human epithelial systems. We have profiled certain CKIs in 
response to GTP/EGCG in both normal epithelial cells and tumor cells (63) and made a novel 
observation: one of the CKJs, p57 (KIP2), can be specifically induced by GTP/EGCG only in 
normal human epithelial cells (64). The significance of this finding is that a group of 
plant-derived compounds are able to specifically induce a human gene product in a dose and 
time-dependent manner for either cell survival or apoptosis. 

Based on our observations, we hypothesize that green tea polyphenols should induce p57 
in normal epithelial cells, serving an anti-apoptosis fimction; in tumor cells, failure to elevate 
p57 levels in the presence of the polyphenols may result in induction of caspase 3 (the key 
limiting enzyme for apoptosis) dependent apoptosis. 

MATERIALS AND METHODS 

Chemicals and compounds: EGCG was kindly provided by Dr. Mohammad Athar 
(Columbia University). A mixture of GTP was purchased fi-om LKT Lab. Inc. Annexin V-FITC 
Apoptosis Kit was purchased from CLONTECH Lab. Inc., Palo Alto, CA. Crude green tea 
extract was prepared by incubation of 4 ml cell culture media with a green tea bag (P.R.I., NJ) 
for 10 min followed by collection of the extract. 

Cell lines and cell culture: The normal human keratinocytes (NHEK CC-2507) were 
obtained fi-om Clonetics. The SCC25 cell line (Obtained from American Type Culture 
Collection) was originally isolated from a squamous cell carcinoma of the tongue of a 70 
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year-old male (65). The 0SC2 cell line (provided by Dr. Tokio Osaki) was isolated from a 
submandibular lymph node metastasis of a 68-year old female. The primary tumor was located 
in the gingiva of this patient (66). 0SC2 cells have a p53 mutation at exon 8, site 280, resulted in 
an Arg to Thr substitution (67). SCC25 cells have undetectable p53 levels, while 0SC2 cells 
over-express p53 (63). The DOK cell line is a dysplastic immortal oral keratinocytes cell line 
(68). SCC25, DOK and 0SC2 cells were maintained in 45% Ehilbecco's MEM medium 
(DMEM), 45% Ham's F12 medium and 10% newborn calf serum, 100 Units/ml penicillin, 100 
^g/ml streptomycin and 5 (ig/ml hydrocortisone. The keratinocytes were cultured and 
maintained in KGM-2 medium (Clonetics). All cell cuHures were maintained in a 37oC 

incubator with 5% COj 

Annexin V apoptosis assay: Initially, 10^ of tumor cells were seeded in each chamber of 
an 8-chamber chamberslide and 5x10' human keratinocytes were seeded in each well of a 
24-well tissue culture plate, and the monolayers were subjected to 24 h-0.2 mg/ml of OTP 
treatment, followed by the Annexin V assay according to the manufacturer's instructions with 

minor modifications. 

Cell growth assay: Cells (2x10^) were seeded in each T25 culture flask with 5 ml 
DMEM/F12 medium for 48 hrs. The treatments were started with 50 \iM EGCG for 24 h, 48 h 
and 96 h. At each time point, the cell numbers were counted using a hemacytometer with the 

presence of Trypan blue. 

Cell invasion/migration assay: The invasion/migration assays were conducted using a 
Transwell apparatus (Costar) with 6.5 mm diameter wells and membranes of 8 ^m pore size. 
The invasiveness at each time point was tested in DMEM/F12 medium immediately following 
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the cell growth assay, by seeding 10' cells in each transwell. Cells migrated across the transwell 
membrane were counted as per microscopic field. 

RESULTS AND DISCUSSION 

It is evident that green tea is a powerful inducer of apoptosis in tumor cells. One hour 
incubation of a small percentage of green tea crude extract (80 nl/5 ml) was able to induce 
morphological change in 0SC2 cells (Fig. IB) comparing to untreated control (Fig. 1 A). Two 
1-h incubation of the crude extract separately within a 24 h period further increased the number 
of dead cells (Fig. IC). When green tea crude extract at 125 jil/5 ml was continuously incubated 
with 0SC2 cells for 6 h (Fig. IE) and 24 h (Fig. IF), the majority of the cells underwent cell 
death comparing to the control (Fig. ID), and cells from Fig. IF were not able to recover when 
they were placed back to normal media (data not shown). This result suggested that exposure to 
green tea could lead to elimination of oral cancer (squamous cell carcinoma) cells. Based on this 
observation, we applied 0.2 mg/ml GTP on a oral cancer progression model system that consists 
of normal human epithelial cells (pooled newborn epidermal keratinocytes), a pre-cancerous 
dysplastic oral keratinocyte cell line DOK, a primary oral carcinoma line SCC25, and a 
metastatic oral carcinoma line 0SC2. To examine the status of apoptosis, 0.2 mg/ml GTP was 
incubated with exponentially growing cells for 24 h followed by Annexin V apoptosis assay. As 
indicated by the presence of annexin V-FITC (green), 0SC2 and SCC25 cells treated with GTP 
for 24 h showed massive apoptosis (Fig. 2F and H), compared with untreated cells (Fig. 2E and 
G). In contrast, normal epithelial cells did not exhibit any apoptotic cells in the control (Fig. 2A) 
nor in GTP treated samples (Fig. 2B), and there was no massive apoptosis in DOK cells (Fig. 
2D). This result indicated that GTP differentially induced apoptosis in oral cancer cells and the 
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apoplosis pathway was not p53 dependent, since 0SC2 cells have a mutated and overly 
expressed p53, and SCC25 cells do not express p53. To fiirther investigate this property of OTP, 
the most potent component, EGCG, was used at a lower concentration (50 \iM, which is 1/7 w/w 
of that of 0.2 mg/ml GTP) to determine its impact on 0SC2 cells. EGCG was effective in 
inhibiting cell growth within 24 hrs. By day four, the number of EGCG-treated 0SC2 cells were 
only 50% compared to the controls as shown in Figure 3A. Inhibition of cell 
invasiveness/migration was rapid. Figure 3B shows that after 24 hr of treatment, cells invading 
the membrane were reduced to about 30% of control. Follovnng 96 hr of treatment, the 
percentage was fiirther reduced to 20%. These data suggest that EGCG is able to both reduce the 
mobility of metastatic oral cancer cells and inhibit their growth. Based on the observations that 
GTP/EGCG induced a differential response between norma! and oral cancer cells, we next 
searched for potential intracellular targets of GTP/EGCG. We observed that a cyclin dependent 
kinase inhibitor p57 was significantly altered only in the normal cells in response to GTP/EGCG. 
To determine whether p57 is an intracellular target for GTP/EGCG, Western analysis was 
performed using the normal human keratinocytes and two oral carcinoma cells lines SCC25 and 
0SC2 in a separate study (69). The result showed that EGCG specifically induced p57 in 
normal keratinocytes, while levels in oral carcinoma cells were unaltered. Treatment of normal 
human keratinocytes at 40% confluency with 50 ^M of EGCG induced up to a 12-fold increase 
of p57 expression, and the induction of p57 expression is time- and dose-dependent. In contrast, 
0SC2 cells (and several squamous cell carcinoma lines examined) failed to elevate p57 
expression in response to EGCG at any time point or concentration. Therefore, p57 could serve 
as a target for GTP/EGCG in the normal epithelial cells to initiate a survival mechanism while 
oral cancer cells lacking the p57 response would undergo the apoplosis pathway. 
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Taken together, when normal epithelial cells (with the p57 response) are exposed to 
green tea/GTP/EGCG, induction of p57 (accompanied with other possible events) would enable 
the cells to survive, possibly through growth arrest or differentiation. On the other hand, oral 
carcinoma cells (without the p57 response) would undergo a specific apoptosis pathway. Our 
on-going study indicates that lack of a p57 response to EGCG leads to mitochondria-mediated, 
caspase 3 dependent apoptosis. 

A higher consumption of fruits and vegetables was associated with reduced risk arid a 
protective effect of a number of systemic cancers including those of the oral cavity and pharynx 
(70-74). Active ingredients in fruits and vegetables that may affect the development of oral 
precancer and cancer include antioxidants (Beta-carotene, Vitamin A, Vitamin C, Vitamin E, 
Folic Acid and Lycopene, a tomato constituent). Other active agents of interest include 
phylochemicals such as flavonoids (in soy beans), Acanthocyanins (in grapes, red cabbage). 
Ellagic Acid (in raspberries, strawberries, cranberries), Glucosinolates (in cruciferous 
vegetables), polyphenols (in Green Tea) and others (75). In addition, multiple antioxidant 
vitamins apparently reduced the size of oral leukoplakic lesions (reviewed in 76). 

The results of recent clinical studies illustrate a change in emphasis in cancer 
chemoprevention toward a mechanism-derived hypothesis. At this juncture, our data suggest a 
strong potential for green tea and/or its constituents (EGCG) to combat oral malignancy, 
including precancer and oral cancer. We propose that green tea polyphenols are able to activate 
two pathways: 1) survival through p57 induction, and 2) caspase 3-dependent apoptosis without 
p57 induction. We hypothesize that p57 induction by green tea polyphenols in normal epithelial 
cells may serve as an anti-apoptotic fimction. Lack of the p57 stimulatory response to the 
presence of the polyphenols may result in induction of caspase 3-dependent apoptosis (Fig.4). Ir 
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conclusion, the nature of the chemopreventive effects of green tea may rely on its ability to 
signal a given cell and trigger a specific gene/cellular response, which directs the ceil to undergo 
either survival or apoplosis pathway. 

Based on our laboratory observations and those reported in literature, the clinical 
application of GTP/ECGC as an anti-cancer agent warrant further investigations. The molecular 
studies in conjunction with the available epidemiological data should provide the foundation for 
fiiture clinical trials. Nevertheless, we suggest that the use of green tea as a beverage or in oral 
health/skin care products for the US population at large is likely to be beneficial. 

FIGURE LEGENDS 

Figure 1 . Morphological change was observed when 0SC2 cells were exposed to green 
tea crude extract (25 jil/ml) for 1 h during a 12 h period (B) in comparison with untreated cells 
(A). When these cells were exposed to green tea crude extract for a second 1 h incubation within 
a 24 h period, apoptotic cells were apparent with reduced size, loss of contact and 
uncharacterized nuclei (C). When green tea crude extract (1 6 \L\/m\) was incubated 
un-interruptedly with oral carcinoma cell line 0SC2 for 6 h, many cells were disfigured and 
detached (E), by 24 h, massive cells death was observed and increased debris from cell lysis (F) 
in comparison to the untreated cells (D). Magnifications: 400x for A, B and C; lOOx for D, E 
and F. 

Figure 2. A. EGCG inhibits growth of 0SC2 cells. 0SC2 cells were incubated with 50 
\i}A EGCG for 24, 48 and 96 h, and cell number were counted in comparison with the cell 
number of untreated control. B: Inhibition of invasiveness of 0SC2 cells by EGCG treatment. 
After 24, 48, 96 hrs of treatments with EGCG, cells (10^) were loaded onto each transwell of a 
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24-well transwell plate. Both tests were conducted three times with similar results. The controls 
are presented as 1 00% in cell number. C. Control cells invaded. D. Cells invaded after 96 h 
EGCG treatment. 

Figure 3. Annexin V apoptosis assay showing normal keratinocytes (A, B), 
pre-cancerous dysplastic oral keratinocytes DOK (C, D). metastatic oral carcinoma cells 0SC2 
(E. F), and primary oral carcinoma cells SCC25 (G, H) before (left column) and after 24 h 
incubation with 0.2 mg/ml GTP (right column). Apoptosis coupled with trans-localization of 
phosphatidylserine was visualized by annexin V linked with FITC fluorescent dye (green). 
0SC2 cells and SCC25 cells showed massive apoptosis. SCC25 photos were enlarged to 
demonstrate detailed images of cell membrane and the nuclei. 

Figure 4. Schematic model for the dual-effects of green tea polyphenols, which 
differentially target between normal and tumor cells. Either survival pathway or apoptotic 
pathway could be activated, depending on whether p57 protein production is induced. Induction 
of p57 appears to inhibit the apoptotic pathway. C3 represents caspases 3. 
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Fig. 3 Anncxin-V apoptosis assay showing normal keratinocytes (A. 8). precancerous DOK (C. 0). metastatic oral carcinoma cells OSQ (E. a 
and primary oral carcinoma cells SCQS (G. H) before {A, C. E. G) and after (B. D. F. H) 24 hours incubation with 0 2 mg/mU GTP. Apoptosis cou 
pled with trans-locahzation of phosphalidylserine was visualized by anncxin-V linked with FITC fluorescent dye (green) OSa cells and SCQS 
cells showed massive apoptosis. SCC25 photos were enlarged to demonstrate detailed images of cell membrane and the nuclei. 



32 



cell membrane 



Green tea polyphenols 

\ 



survival pathway 



Rb/E2F1 




growth arrest/ 
differentiation? 

survival ^ 



apopto some 



C3 

I apoptosis 



fig 4 Schematic model for ihe dual effects of green lea polyphenols, which diffefcntially 
la«et between normal and tumor cells E.ther survival pathway or apoptotic pathway could 
be activated, depending on whether p57 protem produrt.on .s induced. Indudton of p57 
appears to inhibit the apoptotic pathway C3 represents caspase-3 



33. 



o O H S rf. nj Td. £»■ - ^I's^: :l 



REFERENCES: 

1 . American Cancer Society: Facts and Figure, 2001 . 

2. Silverman S Jr. Oral cancer. 4th ed. Hamilton Ontario: American Cancer Society, B.C. 
Decker; 1998, p 1-40. 

3. Surveillance, epidemiology, and end results (SEER) program of the National Cancer Institute. 
In: Ries LAG, Kosary CL, Hankey BR, Miller BA, Edwards BK, editors. Cancer Statistics 
Review, 1973-1995. Bethesda, (MD): National Cancer Institute: 1998. 

4. Greenlee et al., Cancer statistics, 2000. CA Cancer J Clin 2000; 50:7-33. 

5. Pindsborg J J. Oral cancer and precancer. Bristol: John Wright. 1980. 

6. The Cancer Research Campaign. CRC CancerStats: Oral UK. 2000;1-10. London: CRC. 

7. ParkinDM,PisaniP,Fer!ay J. Global cancer statistics. CA Cancer J Clin 1999; 49: 33-64, 2. 

8. Parkin DM, Pisani P, Feriay J. Estimates of worid wide incidence of eighteen major cancers 
in 1985. International of Cancer 1993:54:594-606. 

9. Gupta PC. Mouth cancer in India: a new epidemic? J. Indian. Med. Assoc. 1999:97:370. 

10. US Department of Health and Human Services. Reducing the Health Consequences of 
Smoking: 25 Years of Progress. A Report of the Surgeon General. Atlanta, GA: US Department 
of Health and Human Services, Public Health Service, Centers for Disease Control and 
Prevention, Center for Chronic Disease Prevention and Health Promotion, Office on Smoking 
and Health; 1989. 

1 1 . Shanks TG, Bums DM, Disease Consequences of Cigar Smoking (Chapter 4). In: Bums D. 
Cummings KM, Hoffinan D, eds. Cigars: Health Effects and Trends, Monograph No. 9. 
Bethesda, MD: US Department of Health and Human Services, National Institutes of Health; 
1998. 

34 



O • ,« SZ. U O O w -1. «=. -«.• H-f 

12. Winn, DM. Epidemiology of Cancer and Other Systemic Effects Associated with the Use of 
Smokeless Tobacco. Adv Dent Res, 1 997; 1 1 :3 1 3-32 1 . 

13. Flaitz, CM and Hicks MJ. Molecular Piracy: The Viral Link to Carcinogenesis. Oral 
Oncology. 1998; 34:448-453. 

14. Williams, HK. Molecular Pathogenesis of Oral Squamous Cell Carcinoma. J. Clin. Path: 
Mol.Path. 2000; 53:165-172. 

15. Picascia, DD. And Robinson, JK. Actinic cheilitis: a review of etiology, differential 
diagnosis and tretment. J. Am. Acad. Dermatol. 1987; 17:255-264. 

16. lARC monographs on the evaluation of the carcinogenic risk of chemicals to humans: 
Tobacco habits other than smoking; betel-quid and areca-nul chewing; and some related 
nitiosamines. 1985; Vol. 37. Lyon, France: International Agency for Research on Cancer, p. 1 16. 

1 7. LIS Department of Health and Human Services. The health consequences of using smokeless 
tobacco. A report of the advisory committee to the Surgeon General. NIH publication # 
86-2874. 1986. 

18. Winn DM, Blot WJ. Shy CM, Pickle LW, Toledo A, Fraumeni JF Jr. Snuff dipping and oral 
cancer among women in the southern United States. 1981 N. Engl. J. Med. 1981, 304:745-749. 

19. Norton SA, Betel: consumption and consequences. J Am Acad Dermatol 1998;38:81-8. 

20. Sankaranarayanan R, Masuyer E, Swaminathan R, Ferlay J, Whelan S, Head and neck 
cancer: a global perspective on epidemiology and prognosis. Anticancer Res 1998;18:4779-86. 

21 . Murti et al.. Smokeless tobacco use in India: effects on oral mucosa. In: Stotts RC, 
Schroeder KL, Bums DM, editors. Smokeless tobacco or health. Bethesda, MD: National 
Institute of Health (NCI): 1992. p. 51-65. NIH publication No, 92-3461. 



35 



o ? * -1 j: irr LS o o i. ji- sr.. - v u. p iuv sr.. 

22. Slaughter DP, Southwick, HW and Smejkal, W. Field cancerization in oral stratified 
squamous epithelium. 1953; Cancer 6:963-968. 

23. Kuroda Y, Hara Y, Antimutagenic and anticarcinogenic activity of tea polyphenols, Mutat 
Res 1999;436:69-97. 

24. Ye W, Yi Y, Luo R, [A case-control study on diet and gastric cancer]. Chung Hua Yu Fang I 
Hsueh Tsa Chih 1998;32:100-2 [Article in Chinese]. 

25. Bushman JL, Green tea and cancer in humans: a review of the literature. Nutr Cancer 
1998;31:151-9. 

26. Fujiki H, Suganuraa M, Okabe S, Sueoka E, Suga K, Imai K, Nakachi K, Kimura S, 
Mechanistic findings of green tea as cancer preventive for humans. Proc Soc Exp Biol Med 
1999;220:225-8. 

27. Chung FL, The prevention of lung cancer induced by a tobacco-specific carcinogen in 
rodents by green and black Tea. Proc Soc Exp Biol Med 1999;220:244-8. 

28. Chung et al.. Inhibition of tobacco-specific nitrosamine-induced lung tumorigenesis by 
compounds derived from cruciferous vegetables and green tea, Ann N Y Acad Sci 1993; 
686:186-201; discussion 201-2. 

29. Gupta et ah, Inhibition of prostate carcinogenesis in TRAMP mice by oral infiision of green 
tea polyphenols. Proc Natl Acad Sci U S A 2001; 98:10350-5. 

30. Gupta et al., Prostate cancer chemoprevention by green tea, Semin Urol Oncol 1999;17:70-6 

3 1 . Sato D, Inhibition of urinary bladder tumors induced by 
N-butyl-N-(4-hydroxybutyl)-nitrosamine in rats by green lea. Int J Urol 1999;6:93-9 

32. Kelloff GJ, Sigman CC, Greenwald P. Cancer chemoprevention: progress and promise. Eur J 
Cancer 1999;35:1755-1762 

36 



r.u -p --jt £:\ «r? « -a- ferr- ,t« h.* h 

33. Michalidas, RJ. Cell cycle regulators: mechanisms and their role in aetiology, prognosis, and 
treatment of cancer. J Clin Pathol. 1999;52:555-68. 

34. Hong WK, Spom MB. Recent advances in chcmoprevention of cancer. Science 1997; 
278:1073-7. 

35. Fujiki H, Two stages of cancer prevention with green tea, J Cancer Res Clin Oncol 
1999;125:589-597. 

36. Klaunig etal., The effect of tea consumption on oxidative stress in smokers and 
nonsmokers. Proc Soc Exp Biol Med 1999;220:249-54. 

37. Klaunig et al., The role of oxidative stress in chemical carcinogenesis, Environ Health 
Perspect 1998;106 Suppl 1:289-95. 

38. Khan WA, Wang ZY, Athar M, Bickers DR, Mukhtar H, Inhibition of the skin 
tumorigenicity of (+/-)-7 beta,8 alpha-dihydroxy-9 alpha, 10 

alpha-epoxy-7,8,9,10-tetrahydrobenzo[a]pyrene by tannic acid, green tea polyphenols and 
quercetin in Senear mice. Cancer Lett 1988;42:7-12. 

39. Ingredient in green tea kills prostate cancer cells, study finds. Mayo Clin Health Lett 
1999;17:4. 

40. Kuroda Y, Hara Y, Antimutagenic and anticarcinogenic activity of tea polyphenols, Mutat 
Res 1999;436:69-97. 

41 . Mukhtar H, Ahmad N, Mechanism of cancer chemopreventive activity of green Tea. Proc 
Soc Exp Biol Med 1999;220:234-8. 

42. Weisburger JH, Tea and health: the underlying mechanisms. Proc Soc Exp Biol Med 1 999; 
220:271-5. 



37 



^"•ii «ji " 'II IT.;: il? .c:i« o h. ir"- au jlt 3Z. 

43. Mukhtar H, Ahmad N, Tea polyphenols: prevention of cancer and optimizing health. 2001 ; 
Am J Clin Nutr 7 1 (6 Suppl): 1 698S-702S. 

44, Suganuma M, Okabe S, Sueoka N, Sueoka E, Matsuyama S, Imai K, Nakachi K, Fujiki H, 
Green tea and cancer chemoprevention, Mutat Res 1999;428:339-44. 

5. Lyn-Cook et al., Chemopreventive effects of tea extracts and various components on human 
pancreatic and prostate tumor cells in vitro. Nutr Cancer 1999;35:80-6. 

46. Otsuka et al., Growth inhibition of leukemic cells by (-)-epigallocatechin gallate, the main 
constituent of green tea. Life Sci 1998;63:1397-403. 

47. Paschka AG, Butler R, Young CY, Induction of apoptosis in prostate cancer cell lines by the 
green tea component, (-)-epigallocatechin-3-gallate. Cancer Lett 1998;130:1-7. 

48. Zhao JF, Zhang YJ, Jin XH, Athar M, Santella RM, Bickers DR, Wang ZY, Green tea 
protects against psoralen plus ultraviolet A-induced photochemical damage to skin. J Invest 
Dermatol 1999; 113:1070-5. 

49. Lin D, Kadlubar FF, Chen J, [Direct detoxification of N-acetoxy-PhIP by tea polyphenols: a 
possible mechanism for chemoprevention against PhlP-DNA adduct formation in vivo]. Chung 
Hua Yu Fang I Hsueh Tsa Chih 1998;32:265-9 [Article in Chinese] 

50. Lin D, Xiao Y, Tan W, [Chemoprotection by green tea against the formation of food-bome 
carcinogen 2-amino-l-methyl-6-phenylimidazo [4,5-b] pyridine (PhlP)-DNA adducts in rats]. 
ZhonghuaYuFang YiXueZaZhi. 1998;32:261-4. 

51. Chen W, Dong Z, Valcic S, Timmermann BN, Bowden GT, Inhibition of ultraviolet 
B-induced c-fos gene expression and p38 mitogen-activated protein kinase activation by 
(-)-epigallocatechin gallate in a human keratinocyte cell line. Mol Carcinog 1999;24:79-84. 



38 



52. Sachinidis et al.. Green tea compounds inhibit tyrosine phosphoiylation of PDGF 
beta-receptor and transformation of A 172 human glioblastoma, FEBS Lett 2000; 471 :5 1-5. 

53. Ahmad et a)., Green tea constituent epigallocatechin-3-gallate and induction of apoptosis 
and cell cycle arrest in human carcinoma cells. J Natl Cancer Inst. 1997; 89:1 881-6. 

54. Islam et al., Involvement of caspase-3 in epigallocatechin-3-gallate-mediated apoptosis of 
human chondrosarcoma cells, Biochem Biophys Res Commun 2000;270:793. 

55. Ahmad N, Gupta S, Mukhtar H.Green tea polyphenol epigallocatechin-3-gallate 
differentially modulates nuclear factor kappaB in cancer cells versus normal cells. Arch 
Biochem Biophys 2000;376:338-46. 

56. Ningh L, Zheng S, Chi H and Junshi C. The chemopreventive effects of tea on human oral 
precancerous mucosa lesions (44369). P.S.E.B.M.1999; 220:218-224. 

57. Goodger NM, Gannon J, Hunt T, Morgan PR, Cell cycle regulatory proteins-an overview 
with relevance to oral cancer, : Oral Oncol 1997;33;61-73. 

58. el-Deiry et al., a potential mediator of p53 tumor suppression. Cell 1993;75:817-25. 

59. Guan et al.. Growth suppression by pi 8, a pl6INK4/MTSl- and pl4rNK4B/MTS2-related 
CDK6 inhibitor, correlates with wild-type pRb function. Genes Dev 1994;8:2939-52. 

60. HeichmanKA, Roberts JM, Rules to replicate by. Cell 1994;79:557-62. 

61 . Kato et al., Direct binding of cyclin D to the retinoblastoma gene product (pRb) and pRb 
phosphorylation by the cyclin D-dependent kinase CDK4. Genes Dev 1993;7:331-42. 

62. Chaturvedi V, Qin JZ, Denning MF, Choubey D, Diaz MO, Nickoloff BJ. Apoptosis in 
proliferating, senescent, and immortalized keratinocytes. J Biol Chem 1999;274:23358-67. 



39 



rji ii."ii*-E-"3 5? Si o T_-u - :l in-:. 1 ^".8 IX 

63. Huynh C, Aiken A, Lewis J, Caughman G, Singh B, Whitford G, Dickinson D, and Schuster 
GS. EGCG Neutralizes the Effects of BaP and NNK on CDK4 and Cyclin Dl . Journal of Dental 
Research vol. 80 (Special Issue): pi 76, 2001 . 

64. Hsu et al., Green Tea Polyphenols Specifically Induce Apoptosis in Oral Carcinomas. 
Journal of Dental Research vol. 80 (Special Issue): pi 76, 2001. 

65. Rheinwald and Beckett, Defective terminal differentiation in culture as a consistent and 
selectable character of malignant human keratinocytes. Cell. 1980; 22:629. 

66. Osaki et al., Tumorigenicity of cell lines established from oral squamous cell carcinoma and 
its metastatic lymph nodes, Eur J Cancer B, Oral Oncol. 1994; 30B: 296. 

67. Yoneda K, Yokoyama T, Yamamoto T, Hatabe T, Osaki T. p53 gene mutations and p21 
protein expression induced independently of p53, by TGF-beta and gamma-rays in squamous 
cell carcinoma cells. Eur J Cancer. 1999; 35:278-83. 

68. Chang SE, Foster S, Betts D, Mamock WE, DOK, a cell line established from human 
dysplastic oral mucosa, shows a partially transformed non-malignant phenotype, Int J Cancer 
1992;52:896-902. 

69. Hsu et al., Chemopreventive effects of green tea polyphenols correlate with reversible 
induction of p57 expression. Anticancer Research. 2001 (in press). 

70. Wiilet, W.C. Trichopoulos, D. Nutrition and cancer: A summary of evidence. Cancer 
Causes Control. 1996;7:178-180. 

71 . Franceschis et al., Risk factors for cancer of tongue and the mouth: Cancer; 1992, 70: 
2227-2233. 

72. Garewall HS. Chemoprevention of Oral Cancer: Beta-Carotene and Vitamin E in 
Leukoplakia. Europ. J. Cancer Prev. 1994; 3:101-107. 

40 



«,■ n a D •''II ^ 'h JTi. M Mrt M' ^ I.**!; *••* 

m. «,!»■*-»- r:. n . p « 'fc m -a . et. -a, * .3 b— 

73. Saidula M, Coats R, Byers, T, Fruits and Vegetable intake among adults in 16 states. Am. J. 
Public Health 1995;85:236-239. 

74. Enwonwu CO, Meeks VI. Bionutrition and oral cancer in humans. Crit Rev Oral Biol Med 
1995;6:5-17. 

75. Rock LR., Nutritional factors in cancer chemoprevention. Hematol. Oncol. Clinic. North 
Am. 1998; 12:975-991. 

76. Kaugars GE, Silverman S Jr, Lovas JG, Thompson JS, Brandt RB, Singh VN. Use of 
antioxidant supplements in the treatment of human oral leukoplakia. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod 1996; 81:5-14. 



41 



o I J ""ir jUf ttz. \J cv o ^ . »L ic. Ji. n..!* »iJ» r. 

Example 3 

Induction of p57 Is Required for Cell Survival When Exposed to Green Tea Polyphenols 

Green tea polyphenols (calechins) are known to induce cell death in many types of tumor 
cells, but how normal epithelial cells survive in the presence of polyphenols is unknown. We 
recently reported that green tea polyphenols potently induced a cyclin dependent kinase 
inhibitor, p57/KIP2, only in normal human epithelial cells. In this study, we investigated the 
correlation between p57 expression and survival/apoptosis by Western blot analysis, caspase 3 
assays and morphological analysis. It was demonstrated that in the cells that lack p57 induction, 
green tea polyphenols induced Apaf-1 expression along with caspase 3 activation, leading to 
apoptosis. In contrast, cells with polyphenol-inducible p57 maintained constant levels of Apaf-1 
and proliferating cell nuclear antigen (PCNA), with basal caspase 3 activity. 

Retroviral-transfected, p57-expressing oral carcinoma cells showed significant resistance 
to green tea polyphenol-induced apoptosis. Our results suggest that p57/KIP2 is a determinant 
pro-survival factor for cell protection from green tea polyphenol-induced apoptosis. 
As a potential alternative medicine, green tea polyphenols (GTPPs) have been found to be 
chemopreventive against certain cancers. However, by what mechanism{s) the normal cells 
survive this polyphenol exposure is not known. It was found that p57/KIP2 induction is 
associated with cell survival of epidermal keratinocytes exposed to green tea polyphenols at 
concentrations that otherwise would cause apoptosis in tumor cells (1). The p57 gene product is 
a potent, p53 independent, tight-binding Gl cyclin/CDK inhibitory protein (2). The C-terminus 
of p57 protein possesses a binding domain for PCNA (3). Embryonic development in mice 
requires p57 expression; absence of it resulted in early postnatal death and growth retardation (4, 

42 



4 JT-v I. to .H - ii «) .f 'II ^. .J» . »i !• • ~ W 'U - "t. 

o 3'"". oi r.> .X K';.. -fl-M ji o'ai' 



5). On the other hand, in human intestinal cell models, elevation of p57 expression was 
associated with intestinal cell differentiation (6). T-lymphocytes protect themselves from 
apoptosis by maintaining high levels of p57 (7). Recent pathological studies demonstrated that 
tumor specimens express lower levels of p57 protein compared to paired normal tissues, and low 
levels of p57 often correlate with poor prognosis (8-1 1). In vitro studies using human 
astrocytoma cells showed that induction of p57 led to growth arrest in Gl, with concomitant 
hypophosphorylation of Rb and diminished E2F-1 (12). Therefore, it appears that p57 plays an 
important role in inhibition of apoptosis, since at least two apoptotic pathways can be activated 
by E2F independent of p53, through activation of p73 (13-15) or apoptotic protease activating 
factor- 1 ( Apaf- 1 ) ( 1 6). Both pathways require cytochrome c release from the mitochondria and 
apoptosome formation, which consists of cytochrome c, procaspase 9 and oligomerized Apaf-1 
(17). Apaf-1 was first identified in 1997 (1 8) and proved to be a limiting key factor for 
mitochondrion-mediated apoptosis (19). Binding with cytochrome c activates Apaf-1 ; it 
hydrolyses ATP or dATP to oligomerize into a large complex. This complex then binds and 
activates procaspase 9 and subsequently initiates the caspase pathway towards apoptosis (17). 
Cells without Apaf-1 , such as certain malignant melanomas, are resistant to chemotherapy (20). 
It was suggested that p57 induction by green tea polyphenols, especially 
epigallocatechin-3-gallate (EGCG), lead to a cell survival pathway (21), In order to determine 
whether cells lacking p57 response would fail to survive the EGCG challenge, we compared two 
normal human cell types, a mammary epithelial cell population from one individual without the 
p57 response to EGCG treatment, and pooled epidermal keratinocytes that respond to EGCG by 
p57 induction. Furthermore, retroviral-transfected, p57-expressing metastatic oral squamous cell 
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carcinoma 0SC2 subclones also were examined to evaluate the impact of p57 expression in 
response to green tea polyphenol-induced apoptosis. 

MATERIALS AND METHODS 

Chemicals and antibodies: EGCG was purchased from Sigma (St. Louis, MO). A 
mixture of four major GTPPs was purchased from LKT Lab. Inc (Minneapolis, MM). GTPPs 
and EGCG were dissolved in cell culture medium and filter-sterilized immediately prior to use. 
Rabbit anti-human p57, Apaf-1 , PCNA and goat anti-human Actin antibodies used in this study 
were purchased from Santa Cruz Biotech Company (Santa Cruz, CA). 

Cell lines and cell culture: The normal human keratinocytes (NHEK CC-2507) were 
purchased from Cambrex (East Rutherford, NJ) and maintained in KGM-2 medium (Cambrex), 
The 0SC2 cell line was previously described (1), The 0SC2 subclones were established by 
retroviral transfection of the parental 0SC2 cell line (details of establishing p57-expressing 
0SC2 subclones and their response to GTPPs will be reported in a separate communication). 
These clones were maintained in 45% Dulbecco*s Modified Eagle's Medium (DMEM), 
45%Ham's F12 medium and 10% fetal calf serum, 100 Unit/ml penicillin, 100 ^ig/ml 
streptomycin and 5 ^g/ml hydrocortisone. The normal human mammary epithelial cells 
(HMEC) were maintained in MEGM medium (Cambrex). All cell cultures were maintained in a 
37o C incubator with 5% COj light photographs were taken with a SPOT RT digital camera 
system (Diagnostic Instruments) linked to a Nikon Phase Contrast-2 microscope at an original 
magnification of 400X. Fluorescent photomicrographs were taken with a SPOT color digital 
camera system using the ZEISS Axiovert 1 0. Fluorescence was generated by a ZEISS AttoArc 2 
source with an original magnification of 400X. Experiments were repeated three times. 
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Western blot analysis: The keratinocytes and the mammary epithelial cells were placed 
in KGM-2 and MEGM, respectively, overnight prior to treatment. Cells were lysed, after 24 hr 
treatment, in RIP A buffer (1% NP-40, 1% sodium deoxycholate, 0.1% SDS, 0.15 M NaCl, 0.01 
M sodium phosphate, pH 7.2, and 1% Trasylol) containing proteinase inhibitors (1 mM PMSF, 
Img/ml each of aprotinin, leupeptin, and pepstatin). The concentration of protein in each sample 
was determined using the BioRad DC Protein Assay and spectrophotometry. 50 \ig of protein 
from each sample and a BioRad molecular weight standard marker were run on a 10% 
SDS-PAGE, followed by transfer to nitrocellulose membranes. Nonspecific binding to the 
membranes was blocked with 10% nonfat milk. Primary polyclonal (rabbit) antibodies and a 
horseradish peroxidase-conjugated goat anti-rabbit secondary antibody were used in conjunction 
with the ECL Chemiluminescence Kit (Amershara Pharmacia Biotech, NJ) and membranes were 
exposed to radiographic films for detection. Western blots were digitized for comparison of the 
intensity for each band using the ImageTool image analysis software program (University of 
Texas Health Science Center, San Antonio, TX). The integrated density of each band was 
measured using identical 1480 pixel areas of each Apfa-1 or Actin band at a scale of densities 
from 0 to 255. The ratios of the integrated densities for Apfa-1 /Actin are compared for 
mammary epithelial cells in Figure 1 A, and keratinocytes in Figure 2A. 

Caspase 3 activity assay: The Caspase 3 Apoptosis Detection Kit was purchased from 
Santa Cruz Biotech. Inc. In a 24 well tissue culture plate, 10^ cells/well of control or treated 
cells in triplicates were plated. After 24 hr treatments with EGCG and GTPPs, the cells in each 
well were washed with 1 ml PBS and incubated with 100 ^1 lysis buffer on ice for 10 min. To 
each well, 100 ^il of 2X reaction buffer was added with 10 mM DTT. Finally, 5 \x\ of 
DEVD-AFC substrate was added to each well containing cell lysates. The reaction mixtures 
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were incubated for ] hour at 37o C. The caspase 3 activity in each well was measured using a 
fluorescence plate reader set for 405 nm excitation and 505 nm emission. 

RESULTS 

The mammary epithelial cells maintained basal levels of p57 protein regardless of EGCG 
exposure (Fig. 1 A). In contrast, protein levels of Apaf-1 were increased in conjunction with 
increased EGCG concentrations. Densitometry measurement demonstrated that the Apaf-1 
protein levels were increased from 47% to 260% above control when EGCG concentration 
increased from 1 5 to 200 [iM, while no significant changes were found in p57 levels (Fig. 1 A). 
The epidermal keratinocytes previously have been characterized for their response to EGCG or 
GTPPs resulting in p57 induction without apoptosis (1,21). In response to increasing 
concentrations of EGCG, these cells expressed stable basal levels of Apaf-1 and consistent high 
levels of PCN A (Fig, 2A). 

The mammary epithelial cells responded to EGCG by a linear elevation of caspase 3 
activities v^th the exception of 200 [xM EGCG (Fig. IB.). The keratinocytes, however, only 
exhibited basal levels of caspase 3 activities (Fig. 2B.). The mammary epithelial cells showed 
little change in morphology 24 h after incubation with 50 \iM EGCG (Fig. 38), in comparison to 
the control cells (Fig. 3A). Significant cell death was observed after 48 h treatment with 50 [iM 
EGCG (Fig. 3D) compared to 48 h control cells (Fig. 3C). Morphological changes were seen as 
alterations in cell shape as well as cell blebbing. In addition, many cells appeared to be 
flattened, and the occupied space was still less than that observed in the untreated controls. At 
96 h, these characteristics were more apparent (Fig. 3F) compared to the control, which became 
a confluent monolayer (Fig. 3E). 
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In 0.2 iig/ml GTPPs for 48 h, both p57-transfecled 0SC2 clones demonstrated significant 
resistance to GTPPs-induced apoptosis (Fig. 4A and 4C). The trypan blue staining was noted 
only in the superficial stratum of cells, with a large number of living cells attached. The p57 
antisense-transfected clones did not survive the GTPPs exposure. In fact, all cells were lysed or 
stained with trypan blue (Fig. 4B and 4D). The green fluorescent protein (GFP)-transfected 
clone, as an internal control, showed identical apoptosis to the parental cells (1) by cell lysis with 
diminished green fluorescence (Fig. 4F), while the untreated controls exhibited bright green 
fluorescence (Fig. 4E), 

DISCUSSION 

Unlike the keratinocytes, mammaiy epithelial cells under in vivo conditions could not be 
exposed to EGCG concentrations higher than 4.4 jiM, the maximum human plasma 
concentration (22). Therefore, concentrations higher than that could be potentially damaging to 
mammary epithelial cells, which has been proven to be true in this study. The fundamental 
difference in response to EGCG between mammary epithelial cells and the epidermal 
keratinocytes is that p57 induction-associated cell survival is only present in the keratinocytes. 
In the mammary epithelial cells, while p57 protein levels remained unchanged, Apaf-1 levels 
increased as high as 260% in response to increasing concentrations of EGCG. In addition, 
increased caspase 3 activities paralleled increased EGCG concentration; 100 \iM EGCG induced 
a 3-fold increase in caspase 3 activity at 24 h compared to control. We suspect that lowered 
caspase 3 activity in 200 \iM EGCG was due to a plateau of the caspase 3 activity. The 
mammary epithelial cells have a higher background in caspase 3 activity than the keratinocytes. 
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This may be due to a larger cell population undergoing apoptosis constitutively in mammary 
epithelial cells compared to the keratinocytes. 

Apaf-1 accumulation, caspase 3-activation, and cell detachment/shrinkage and blebbing 
often are observed in mitochondrion-mediated apoptosis, and these characteristics are exhibited 
by EGCG-treated mammary epithelial cells. These results indicate that absence of p57 response 
to EGCG may lead to mitochondrion-mediated apoptosis even in normal cells. In addition, these 
results also suggest that EGCG concentrations higher than the maximum plasma concentration 
may be applied only topically (including oral application). In contrast, the normal epidermal 
keratinocytes showed constant basal levels of Apaf-1 regardless of time or dose of EGCG 
treatment, indicating a mechanism resisting apoptosis. During development, p57 and Apaf-1 
may work collaboratively since the only cyclin dependent kinase inhibitor essential to 
development is p57 (23), and Apaf-1 also is actively involved (16). The survival/death linkage 
betv^een p57 and Apaf-1 through the Rb/E2F pathway also may play an important role in 
regulation of differentiation and apoptosis in epidermal epithelial cells. 

Based on the evidence that; 1) normal human keratinocytes in growth arrest are resistant 
to apoptosis (24), 2) GTPPs/EGCG failed to induce apoptosis in the keratinocytes (1, 21, 25), 
and 3) p57 induces Gl growth arrest and differentiation (6, 12), it is evident that p57-induction 
protects the human epithelium from green lea-induced apoptosis, possibly through growth arrest 
and/or differentiation, and cells failing to elevate p57 would enter a mitochondrion-mediated, 
caspase 3-dependenl apoptotic pathway. 

The role of p57 in resisting GTPPs-induced apoptosis is further demonstrated by the 
survival of the metastatic oral squamous cell carcinoma 0SC2 cells transfected with p57 sense 
cDNA. None of the parental 0SC2 cells (1 , 21), p57 antisense-transfected, arid green 
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fluorescent protein (GFP)-transfected cells survived in 0.2 mg/ml GTPPs. This concentration is 
not higher than that in green tea drink preparations (26) but is lethal to many tumor cell lines. 
Only the p57 sense cDNA transfected 0SC2 cells survived in this GTPPs concentration. 

In conclusion, these data suggest that p57 plays a crucial and determinant role in cell 
survival during GTPPs or EGCG challenge. The differential effects of green tea on 
normal/tumor cells/tissues should be further investigated since future trial therapies would 
expose normal and tumor cells simultaneously to green tea polyphenols. Therefore, the 
p57-mediated survival pathway in normal epithelial cells where apoptosis is inhibited by GTPPs 
should be explored to pinpoint which apoptotic event is disrupted by p57 induction. However, 
how GTPPs or EGCG initiate apoptotic pathway(s) is not fully understood, as well as what 
mechanism GTPPs or EGCG activate to trigger the mitochondrial membrane permeabilization, 
leading to the release of apoptotic associated mediators such as cytochrome c. These parameters 
are currently being investigated by our group and also by other laboratories. 

FIGURE LEGENDS 

Figure 1. A: Western blot of whole cell lysates from mammary epithelial cells exhibiting 
up-regulation of Apaf-1 levels and basal p57 levels when treated with increasing concentrations 
of EGCG, B: caspase 3 activity assay performed on the same cells. Detection of caspase 3 
activities was based on PARP cleavage by caspase 3. EGCG concentration ranged from 0 to 200 
\iM. Experiments were repeated three times with similar results. Each bar represents average of 
triplicate samples and SD. 

Figure 2. A: Western blot of whole cell lysates from human epidermal epithelial cells 
with EGCG treatments as indicated. No significant changes shown in Apaf-1 bands or PCNA 

49 



r'l. iD n.-!l O CH M ^..i^ u ir.L 

bands measure by densitometry, compared to actin levels. B: caspase 3 activity assay performed 
on the same cells. No elevation of caspase 3 activity was recorded. EGCG concentration ranged 
from 0 to 200 jiM. G: 0.2 mg/ml GTPPs. Experiments were repeated three times with similar 
results. Each bar represents average of triplicate samples and SD. 

Figure 3. Normal human mammary epithelial cells were grown in MEGM without 
treatment for 24 h (A), 48 h (C), and 96 h (E). Under identical conditions, cells were treated 
with 50 \iM EGCG for 24 h (B), 48 h (D), and 96 h (F). Original magnification: 400X. 

Figure 4. 0SC2 subclones S2, S3 (A and C, both transfected with p57 sense cDNA), A5, 
A3 (B and D, both transfected with p57 antisense cDNA) were treated with 0.2 mg/ml GTPPs 
for 48 h, changed to regular medium for additional 24 h, and then stained with trypan blue and 
photographed. 0SC2 subclone Green6, transfected with GFP, without treatment (E) and treated 
with 0.2 mg/ml GTP for 48 hr, then placed in regular medium for another 48 hr (F). Original 
magnification: 400X. 



50 



0 15 30 50 100 200 (iMEGCG 



'^isi*^ . ^^ifP^ 



<r Apaf-1 
4-p57 
^ Actin 



Figure 1. 



Caspase 3 Activities Assay 



6000 



5000 



V) 



c 4000 



d) 3000 - 



2000 



1000 




15 30 50 100 200 
EGCG Concentrations 



51 





Caspase 3 Assay of Keratinocytes 


Western Blotting of Keratinocytes 


6000 1 
S, SOOO 




0 15 30 50 100 200 uM EGCG 
^ Apaf-1 


RFU Readif 








oN ^ ^ ^ 

Treatments 



Fig.2 



52 



6 Sj '-•)•:-;: ir: 5.5 o CI liil.-iLfOr. 




53 



sr.'ii ^^ii".":* CI 1^ i;:*^ o ir nr. "uj' r«. 




54 



o o *if".3 !!;.•: ui c:»i ma: m, ic -A- 3^ 

REFERENCES 

1 . Hsu et al., Chemopreventive Effects of Green Tea Polyphenols Correlate with Reversible 
Induction of p57 Expression. Anticancer Research. 2001. 21: 3743-3748. 

2. Lee etal., Cloning of p57KIP2, a cycl in-dependent kinase inhibitor with unique domain 
structure and tissue distribution. Genes Dev. 1995. 9:639-49. 

3. Watanabe et a!.. Suppression of cell transformation by the cyclin-dependent kinase inhibitor 
p57KIP2 requires binding to proliferating cell nuclear antigen. Proc Natl Acad Sci U S A 1998. 
95: 1392-7. 

4. Takahashi et al., Mice lacking a CDK inhibitor, p57Kip2, exhibit skeletal abnormalities and 
growth retardation. : J Biochem (Tokyo) 2000. 127:73-83. 

5. Yan et al.. Ablation of the CDK inhibitor p57Kip2 results in increased apoptosis and delayed 
differentiation during mouse development. Genes Dev 1997, 1 1 :973-83. 

6. Deschenes C, Vezina A, Beaulieu JF, Rivard N. Role of p27 (Kipl) in Human Intestinal Cell 
Differentiation. Gastroenterology. 2001.120:423-438. 

7. Vattemi et al., T-cell anli-apoptotic mechanisms in inflammatory myopathies. J 
Neuroimmunol. 2000. 1 1 1 :146-51 . 

8. Ito et al., Expression of p57/Kip2 protein in extrahepatic bile duct carcinoma and intrahepatic 
cholangiocellular carcinoma. Liver 2000. 22:145-149. 

9. Ito et al., Expression of p57/lCip2 protein in hepatocellular carcinoma. Oncology 2001. 
61:221-5. 

1 0. Ito Y, Takeda T, Wakasa K, Tsujimoto M, Matsuura N. Expression of p57/Kip2 protein in 
pancreatic adenocarcinoma. Pancreas 2001. 23:246-50. 



55 



o lu -ir J2i »:.:. lu o rti u. -Ji.. kz. ..l \lj hji ui 

1 1. Ito et al.. Expression of pS7/Kip2 protein in normal and neoplastic thyroid tissues. Int J Mol 

Med 2002. 9:373-6. 

12. Tsugu et al.. Expression of p57(KJP2) potently blocks the growth of human astrocytomas 
and induces cell senescence. Am J Pathol. 2000. 157:919-32. 

13. Irwin et al.. Role for the p53 homologue p73 in E2F-1 -induced apoptosis. Nature 2000. 
407:645-8. 

14. Ussy NA, Davis PK, Irwin M, Kaelin WG, Dowdy SF.A common E2F-1 and p73 pathway 
mediates cell death induced by TCR activation. Nature 2000. 407:642-5. 

15. Yoneda et al., p53 gene mutations and p21 protein expression induced independently of p53, 
by TGF-beta and gamma-rays in squamous cell carcinoma cells. Eur J Cancer. 1999. 35:278-83. 

16. Moroni et al., Apaf-1 is a transcriptional target for E2F and p53. Nat Cell Biol 2001. 3:552-8. 

17. Zou H, Li Y, Liu X, Wang X.An APAF-1. cytochrome c multimeric complex is a functional 
apoptosome that activates procaspase-9. J Biol Chem 1999. 274:1 1549-56. 

1 8. Zou H, Henzel WJ, Liu X, Lutschg A, Wang X.Apaf-1 , a human protein homologous to C. 
elegans CED-4, participates in cytochrome c-dependent activation of caspase-3. Cell 1997. 
90:405-13. 

19. Cecconi F. Apafl and the apoptotic machinery. Cell Death Differ 1999. 1 1 : 1087-98. 

20. Soengas et al., Inactivation of the apoptosis effector Apaf-1 in malignant melanoma. Nature 
2001.409:207-11. 

21. Hsu et al., Chemoprevention of Oral Cancer by Green Tea. General Dentistry 2002. 
50:140-146. 

22. Miyazawa T. Absorption, metabolism and antioxidative effects of tea catechin in humans. 
Biofactors 2000. 13:55-59. 

56 



o iLP ""fl* j:n ir:L n. o » .x icjl w hji rr. 

23. Nishimori et aL, Smad-mediated transcription is required for transforming growth factor-beta 
1 -induced p57/(KIP2) proteolysis in osteoblastic cells. J Biol Chem 2001. 276:10700-5. 

24. Chaturvedi et al., Apoptosis in proliferating, senescent, and immortalized keratinocytes. J 
Biol Chem 1999. 274:23358-67. 

25. Ahmad et al., Green tea constituent epigallocatechin-3-gallate and induction of apoptosis 
and cell cycle arrest in human carcinoma cells. J Natl Cancer Inst. 1997. 89:1 881-6. 

26. Yang CS, Lee MJ, Chen L. Human salivary tea catechin levels and catechin esterase 
activities: implication in human cancer prevention studies. Cancer Epidemiol Biomarkers Prev 
1999.8:83-9. 



57 



O 'Uii ;> IT*". 5 " O H ..ii.ir".. .J n.ji'ii j'c: 

Example 4 

Green Tea Polyphenol Targets the Mitochondria in Tumor Cells Inducing 
Caspase 3 Dependent Apoptosis 

Induction of apoptosis by green tea polyphenols has been observed in various tumor cell 
systems, but whether green tea polyphenol-induced apoptosis requires caspase 3 for execution 
has not been confirmed. We previously reported that green tea polyphenol-induced apoptosis 
involved Apaf-1 accumulation and caspase 3 activation in the cytosol. In the current study, 
tumor cells either with deleted caspase 3 gene or expressing wild type caspase 3 were treated by 
increasing concentrations of green tea polyphenol(s), followed by morphological analysis and 
caspase 3 activity assay. The caspase 3 null parental cell line was further examined in 
comparison with a well-characterized, caspase 3 wild type oral carcinoma cell line by MTT 
assay and BrdU incorporation assay. The results demonstrated that while the mitochondrial 
function was gradually declined to insignificant levels, caspase 3 null cells did not undergo 
apoptosis, which suggested that green tea polyphenol-induced apoptosis is a 
mitochondria-targeted, caspase 3 executed mechanism. 

One of the chemopreventive effects of green tea polyphenols has been recognized for 
their ability to induce growth arrest and/or cell death in certain tumor cell types ( 1 -5). The four 
major polyphenols present in green tea are (-)-Epicatechin (EC), (-)-Epigallocatechin (EGC), 
(-)-Epcatechin-3-gallate (ECG) and (-)-Epigallocatechin-3-gallate (EGCG) (collectively referred 
as GTPPs hereafter). Reports from our group and others have indicated that caspase 3 plays an 
important role for GTPPs-induced apoptosis in human cancer cells (6-9). We have demonstrated 
that using concentrations lower than the concentrations in green tea drink preparations (300-600 
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jiM for EGCG, 0.38-0.76 g/ml for the four major polyphenols), GTPPs or EGCG alone were 
able to induce apoptosis in oral squamous carcinoma cells, while normal human epidermal 
keratinocytes survived (10, 11). We observed that EGCG-induced apoptosis involves Apaf-1 
and caspase 3, two key factors in the mitochondria-mediated apoptosis pathway (11). However, 
whether caspase 3 plays a determinant role is unknown; since other apoptotic pathways might be 
involved, e.g. TNF alpha or Fas induced-death receptor pathway and autophagy pathway (12). 
Elucidation of GTPPs-induced specific apoptosis pathway is crucial to future chemopreventive 
or therapeutic intervention designs utilizing GTPPs, since certain tumor cells may be resistant to 
GTPPs. To examine the role of caspase 3 in GTPPs-induced apoptosis, we took advantage of 
MCF7 (caspase 3 null) cells, which are resistant to caspase 3-executed apoptosis but are able to 
execute caspase 3-independent apoptosis (13-15). The current investigation was designed to test 
our hypothesis that GTPPs specifically induce a caspase 3-dependent apoptosis pathway, 
initiated by mitochondrial cytochrome c release in tumor cells. 

The tumor cells selected for this investigation either express wild-type caspase 3 (0SC2, 
MCF7 caspase 3 +), or are caspase 3 null (MCF7), for determining whether caspase 3 is essential 
in EGCG/GTPPs-induced apoptosis. The 0SC2 cell line was isolated from submandibular lymph 
node metastasis of a 68-year old female, the primary tumor being located in the gingiva of this 
patient (16). 0SC2 cells have a p53 mutation at exon 8, site 280, resulting in Arg to Thr 
substitution (1 7) and over-expression of p53 (1 8). The doubling time for 0SC2 cells is 22.9 h. 
MCF7 cells were obtained from American Type Culture Collection (HTB22). MCF7 cells are 
defective in caspase 3-executed apoptosis and show a lack of downstream events, e.g. DNA 
fragmentation, cellular shrinkage, and Webbing, due to a deletion in the caspase 3 gene (19). 
MCF7 caspase 3 + cells were generated by stable caspase 3 cDNA transfection of MCF-7 cells. 
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The defective functions described above were restored in these cells (20). A concentration 
gradient of EGCG and 0.2 mg/ml GTPPs was tested for the apoptotic effect in the three tumor 
cell lines. Pooled human neonatal epidermal keratinocytes were used as negative control for 
caspase 3 activation. These normal cells are able to survive in GTPPs through a p57 mediated 
pathway described previously (10, 1 1). 

MATERIALS AND METHODS 

Chemicals: EGCG was purchased from Sigma (St. Louis, MO). A mixture of four major 
GTPPs was purchased from LKT Lab. Inc (Minneapolis, MN). GTPPs and EGCG were 
dissolved in cell culture medium and filter-sterilized immediately prior to use. 50 \l] of EGCG 
equals 22.9 jig/ml. 

Cell lines and cell culture: The normal human keratinocytes (NHEK CC-2507) were 
purchased from Cambrex (East Rutherford, NJ) and maintained in KGM-2 medium (Cambrex). 
The 0SC2 cell line was previously described (16). The breast carcinoma MCF7 cell line was 
purchased from American Type Culture Collection (ATCC). MCF7(C) caspase + cell line 
"7-3-28" was established and tested as previously described (19, 20). These tumor cells were 
maintained in 45% Dulbecco's Modified Eagle's Medium (DMEM), 45% Ham's F12 medium 
and 10% fetal calf serum, 100 Unit/ml penicillin, 100 jig/ml streptomycin and 5 ng/ml 
hydrocortisone. All cell cultures were maintained in a 37o C incubator with 5% COj. Light 
microscopic photographs were taken with a SPOT RT digital camera system (Diagnostic 
Instruments) linked to a Nikon Phase Contrast-2 microscope at an original magnification of 
200X. 
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Caspase 3 activity assay: The Caspase 3 Apoptosis Detection Kit was purchased from 
Santa Cruz Biotech, Inc. In a 24 well tissue culture plate, 10^ cells/well of cells in triplicates 
were plated. After 24 hr treatments with EGCG and GTPPs, the cells in each well were washed 
with 1 ml PBS and incubated with 100 ml lysis buffer on ice for 10 min. To each well, 100 \i\ of 
2X reaction buffer was added with 10 mM DTT. Finally, 5 ^I of DEVD-AFC substrate was 
added to each well containing cell lysates. The reaction mixtures were incubated for 1 hour at 
37o C. The caspase 3 activity in each well was measured using a fluorescence microplate reader 
set for 405 nm excitation and 505 nm emission. 

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) assay: This 
method delects the activity of mitochondrial succinate dehydrogenase (SDH). In a 96-well plate, 
1 .5X 1 0^ cells were seeded in each well. After variety of treatments, 1 00 of 2% MTT was 
added to each well and the plate was incubated at 37o C for 30 minutes. 100 \xl of 0.2 M Tris 
(pH 7.7) with 4% Formalin was added to each well. After incubation at room temperature for 5 
minutes, liquid was removed and the wells were allowed to dry. Each well was rinsed with 200 
^il water followed by addition of 100 \i\ DMSO (6.35 % 0.1 N NaOH in DMSO) to each well. 
The coloration was measured by a Thermo MAX microplate reader (Molecular Devices Corp. 
Sunnyvale, CA) using wavelengths of 562 nm. Experiments were repeated three times with 
triplicate samples for each experiment. 

DNA synthesis analysis using BrdU incorporation method: The BrdU cell proliferation 
kit was purchased from Oncogene Research Products, Boston, MA. Cells were cuhure in 96 
well plates with 10^ cells/well. After EGCG and GTPPs treatments, cells were labeled by BrdU, 
reacted with BrdU antibody and the color reaction was carried out according to the protocol 
provided by the manufacturer. The coloration was measure by a Thermo MAX microplate reader 
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using wavelengths 450 nm - 562 nm. Experiments were repeated three times with triplicate 
samples for each experiment. 

Cell growth assay: MCF7 cells were seeded (5X1 04) in 25 cm^ tissue culture flask for 24 
h prior to EGCG or GTPPs incubation. Cells from each flask were trypsinized and counted at 
each time point on a hemacytometer. Results are based on three repeated experiments. 

RESULTS 

Morphological analysis: The light microscopy photos in Figure 1 indicated that both 
EGCG and GTPPs induced apoptosis only in caspase 3 + MCF7(C) cells (Fig. ID and IF). 
MCF7(C) cells exhibit differential morphology when compared with MCF7 cells (Fig. 1 A and 
IB). EGCG treatment for 48 h significantly reduced the cell number and produced cell blebbing 
(Fig. 1 D), a characteristic of caspase 3 dependent apoptosis (20). After MCF7(C) cells were 
exposed to 0.2 mg/ml GTPPs for 24 h, the majority of the cells were either exhibited apoptosis 
or became fragmented (Fig. 1 F). When incubation with 0.2 mg/ml GTPPs extended to 48 h, no 
viable MCF7(C) cells remained (data not shown). In contrast, caspase 3 null MCF7 cells did not 
exhibit reduction in cell density nor cell death after 24 h GTPPs treatment, while increased cell 
density was observed in 48 h EGCG treated cells (Fig. IC) compared to 24 h control cultures 
(Fig. 1 A), indicating that cell growth was not inhibited during EGCG treatment. 

Caspase 3 activity assay: When increasing concentrations of EGCG and 0.2 mg/ml 
GTPPs were incubated with MCF7 and MCF7(C) cells, MCF7(C) demonstrated activated 
caspase 3 detected by PARP cleavage-based caspase 3 activity assay (Fig. 2A). The pattern of 
caspase 3 activation was very similar to that of 0SC2 cells, which served as a positive control 
(Fig. 2C). Both 0SC2 cells and MCF7(C) cells were efficiently induced to apoptosis by GTPPs 
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in 24 h in morphological analysis (10, 1 1 and Fig. IF). On the contrary, MCF7 cells did not 
show caspase 3 activity (Fig. 2B) compared to the normal human epidermal keratinocytes (Fig. 
2D), which served as a negative control and was protected by a p57/KIP2-mediated survival 
pathway (9,21). 

BrdU assay: 0SC2 cells were used in the BrdU incorporation assay as positive growth 
inhibition control (Fig. 3). 0SC2 cells ceased BrdU incorporation when EGCG concentrations 
reached 50 \iM (Fig 3 A), while MCF7 cells were able in incorporate BrdU efficiently except in 
0,2 fig/ml, where the incorporation decreased, but was not diminished (Fig.3B). 

Cell growth assay and MTT assay: Continued culturing of MCF7 cells in 50 |iM EGCG 
for 96 h showed only an insignificant decrease in cell number compared to untreated cultures 
(Fig. 4A). However, mitochondrial SDH activities were significantly decreased when MCF7 
ceils were treated with 50 mM EGCG (Fig. 4B). When MCF7 cells were cultured in the 
presence of 0.2 mg/ml GTPPs, the SDH activities were completely diminished at 48 h time point 
(Fig. 4B). 

The SDH activities in 0SC2 ceils decreased during a 24 h period when exposed to 
increasing concentrations of EGCG and 0.2 mg/ml GTPPs (Fig. 5A). The caspase 3 null MCF7 
cells showed similar patterns when identical treatment was applied (Fig. 5B). 

DISCUSSION 

Previous reports have indicated that tea polyphenols induced apoptosis in various tumor 
cell types, associated with caspase 3 activation. In this regards, EGCG induced caspase 3 
dependent apoptosis in human chondrocarcoma cells (8). Oolong tea (a form of semi-fermented 
tea in which polyphenols are partially preserved) polyphenol theasinensin A induced apoptosis 
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in the human histocytic lymphoma cell line U937 through cytochrome c release and activation of 
caspase-9 and caspase-3 (21). Cytochrome c release and caspase activation were also observed 
in Ehrlich ascites tumor cells when exposed to green tea extract (22). These data suggested that 
GTPPs-induced apoptosis in cancer cells correlated with cytochrome c release and caspase 3 
activation. 

The current study was designed to address three key questions: 1) whether wild type 
caspase 3 is required for GTPPs-induced apoptosis; 2) how normal human epithelial cells 
respond to the GTPPs treatment in terms of caspase 3 activation, and 3) whether GTPPs 
diminishes the mitochondrial activity in the absence of wild type caspase 3. Results shown in 
Fig. 1 indicated that caspase 3 is a determinant factor for GTPPs-induced apoptosis. GTPPs at 
the concentration of 0.2 mg/ml was able to eliminate the majority of MCF7(C) cells in 24 h (Fig. 
IF), while the parental caspase 3 null MCF7 cells did not exhibit any morphological alterations 
(Fig.lE), Similar patterns were observed when 50 |iM EGCG was applied for 48 h (Fig.lC and 
ID). Lack of wild type caspase 3 in MCF7 cells maintained their survival due to lack of caspase 
3 activity (Fig.2B), while caspase 3 + MCF7(C) cells activated caspase 3 as much as 9 fold (Fig. 
2 A), which correlated with apoptotic morphology (Fig. IF). The caspase 3 activities of MCF7 
and MCF7(C) cells were verified by using 0SC2 cells as a positive control (Fig. 2C); and human 
epidermal keratinocytes as a negative control (Fig. 2D). These results strongly suggest that wild 
type caspase 3 is the executer for GTPPs-induced apoptosis; therefore absence of any element in 
caspase 3 dependent apoptosis pathway could result in resistance to GTPP-induced apoptosis. 
The caspase 3 null MCF7 cells were not only resistant to GTPP-induced apoptosis, but also 
demonstrated continued growth in the presence of 50 nM EGCG for up to 96 h (Fig.lC and 
Fig.4A). These results, in addition to data from the BrdU assay (Fig.3B), suggest that EGCG is 
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not able to induce growth arrest in MCF7 cells giving the fact that MCF7 cells possesses wild 
type p53, and the TGF beta and insulin signaling pathways are intact (23-25). The interesting 
finding is that while MCF7 cells survived GTPPs/EGCG exposure and continue to proliferate, 
the mitochondria function was gradually impaired by either EGCG or GTPPs initiated at 24 h 
(Fig.4B), and completely depleted by GTPPs in 48 h (Fig.SB). We postulate that EGCG at 50 
jiM concentration is not able to completely eliminate the mitochondrial function (Fig.SB); the 
energy supply for cell proliferation could be provided for the period up to 96 h. Data from this 
study and previous investigations indicate that green tea polyphenols target the mitochondria, 
leading to cytochrome c release and apoptosome formation, and subsequently activate the 
caspase 3 dependent apoptosis pathway. Cancer cells lacking wild type caspase 3 may be 
resistant to GTPPs to undergo immediate apoptosis, but the mitochondria could be damaged in a 
prolonged time period. We have reported that p57 is a determinant factor for cells survival 
during GTPPs treatment using either p57 inducible human epidermal keratinocytes or 
retroviral-transfected 0SC2 cells expressing wild type p57 (1 1). However, how mitochondria of 
the keratinocytes are protected during the activation of this survival pathway is unknown, as well 
as how GTPPs inflict mitochondrial membrane permeabilization in the cells without the 
protective mechanism. These issues will be addressed in ftiture investigations to understand how 
GTPPs selectively activate specific pathways, leading to opposite consequences that could be 
beneficial to potential chemoprevention or therapeutic interventions against cancer. 

LEGENDS OF FIGURES 

Figure 1 . A. Caspase 3 null MCF7 cells were cultured for 24 hours without treatment. 
B. Caspase 3 + MCF7(C) cells were cultured in the same condition as in A. 
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C. MCF7 cells were cultured in the presence of 50 \iM EGCG for 48 h. D. MCF7(C) cells were 
cultured in the same condition as in C. E. MCF7 cells were cultured in 0.2 nng/ml GTPPs for 24 
h. F. MCF.7(C) cells were cultured in the same condition as in E. Only MCF7(C) cells 
exhibited apoplotic morphology when exposed to either EGCG or GTPPs. 

Figure 2. Caspase 3 activity assay results showing elevated caspase 3 activities in 
MCF7(C) cells (A) in comparison with MCF7 cells (B). MCF7(C) cells responded to increasing 
concentrations of EGCG and 0.2 mg/ml GTPPs in a 24 h period similariy to 0SC2 cells (C), a 
well-characterized oral squamous cell carcinoma cell line that undergoes apoptosis when 
exposed to GTPPs. Both cell lines exhibited highest levels of caspase 3 activities in response to 
0.2 mg/ml GTPPs. The caspase 3 null MCF7 cells responded to identical treatment similarly to 
normal human epidermal keratinocytes, which also failed to elevate caspase 3 activities (D). 
Experiments were repeated three times. Each column represents the average of triplicate 
samples and SD. 

Figure 3. BrdU incorporation assay results showing 0SC2 oral carcinoma cells ceased 
BrdU incorporation when exposed to EGCG concentrations greater than 50 \iM or GTPPs (GTP) 
(A). Under identical conditions, the caspase 3 null MCF7 cells exhibited normal levels of BrdU 
incorporation compared to control with sight decrease when exposed to GTPPs (B). 
Experiments were repeated for three times with similar patterns. Each column represents the 
average of triplicate samples and SD. 

Figure 4. A: Caspase 3 null MCF7 cells did not show significant growth inhibition by 50 
HM EGCG When the cells were cultured for the indicated time periods. Each column represents 
the average of triplicate samples and SD. B: MCF7 cells showed significant loss in 
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mitochondrial SDH activities when treated with 50 ^M EGCG or 0.2 mg/ml GTP for the 
indicated time periods. Each column represents the average of triplicate samples and SD. 

Figure 5. MTT assays results showing decreasing mitochondrial SDH activities are 
associated with increasing concentrations of EGCG as indicated or 0.2 mg/ml GTPPs (GTP) in 
both 0SC2 cells (A) and caspase 3 null MCF7 cells (B). Both cell lines exhibited lowest SDH 
activities when exposed 0.2 mg/ml GTPPs for 24 h. Experiments were repeated three times with 
similar patterns. Each column represents the average of triplicate samples and SD. 
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BrdU Assay of OSC2 
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MCF7 Cell Growth Assay 
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Example 5 

Tea Polyphenols Induce Differentiation and Proliferation in Epidermal Keratinocytes 

The most potent green tea polyphenol, epigallocatechin-3-gallate (EGCG), was found to 
induce differential effects between tumor cells and normal cells. Nevertheness, how normal 
epithelial cells respond to the polyphenol at concentrations for which tumor cells undergo 
apoptosis is undefined. The cunent study tested exponentially growing and aged primary human 
epidennal keratinocytes in response to EGCG or a mixture of the four major green tea 
polyphenols. EGCG elicited cell differentiation with associated induction of p57/KIP2 within 24 
hours in growing keratinocytes, measured by the expression of keratin 1, filaggrin and 
transglutaminase activity. Aged keratinocytes, which exhibited low basal cellular activities after 
culturing in growth medium for up to 25 days, renewed DNA synthesis and accelerated energy 
production up to 37-fold upon exposure to either EGCG or the polyphenols. These results 
suggest that tea polyphenols may be used for treatment of wounds or certain skin conditions 
characterized by altered cellular characteristics. 

Green tea polyphenols (referred to as GTPPs, to include the four major polyphenols 
[.]-Epicatechin [EC], [-]-Epigallocatechin [EGC], H-Epcatechin-3-gallate [ECG] and 
[-]-Epigallocatechin-3-gallate [EGCG]) have been identified to possess chemopreventive and 
apoptotic activity against certain cancers, while normal epidermal keratinocytes follow a 
survival pathway that has not been fully elucidated [1-10]. The most abundant green tea 
polyphenol, epigallocatechin-3-gallate (EGCG), was reported to induce differentiation and 
growth arrest in epidermal keratinocytes [1 1 ], rather than apoptosis as it does in tumor cells [3-5, 
10]. 
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We previously reported that both GTPPs and EGCG were able to induce transient 
expression of p57/KIP2, a differentiation/cell cycle regulator, which was associated with cell 
survival during OTP? exposure [3]. It was proposed that p57 induction may stimulate cell 
differentiation as part of a survival pathway [3, 5, 6]. While this survival pathway is currently 
under investigation, the impact of GTPPs on epidermal keratinocytes located in various layers of 
the skin was deemed essential to be addressed, given the fact that GTPPs are able to penetrate 
the epidermis, but not the dermis, of human skin [12]. 

Keratinocytes within the epidermis exist in various stages of differentiation 
corresponding to different epidermal layers [reviewed in 13]. For example, the basal 
keratinocytes and/or stem cells at the dermal-epidermal junction continuously proliferate to 
regenerate and restore cells lost to the environment. As the daughter cells migrate up through 
the epidermal layers, they first undergo growth arrest followed by expression of keratins 1 and 
10 in the spinous layer. In the next layer, the granular layer, late markers of keratinocyte 
differentiation, including filaggrin and other structural proteins, are expressed. In addition, the 
activity of transglutaminase, the enzyme that cross links the structural proteins into the comified 
envelope, is increased. Finally, the keratinocytes undergo an epidermal-specific programmed 
cell death to form the comified layer, which serves as a barrier to mechanical injury, microbial 
invasion and water loss. The entire epidermis turns over in one to two months, although the 
transit time of keratinocytes may be lengthened or shortened in various disease states. We 
considered it pertinent to investigate whether GTPPs induce differential effects among 
keratinocytes at different stages of differentiation and/or age, knowing that if so, such effects 
could be significant for assessing the potential impact of these compounds upon topical 
application. Thus, agents that accelerate growth and/or differentiation of epidermal keratinocytes 
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may shorten the healing time of certain wounds and serve as treatments for conditions such as 
aphthous ulcers and other epidermal-skin diseases. 

We hypothesized that green tea polyphenols, either in a mixture or in the form of purified 
EGCG, are able to increase cellular activities, including new DNA synthesis, in aged 
keratinocytes, or promote differentiation of exponentially growing keratinocytes located in the 
basal layer of epidermis. Therefore, the current study examined pooled normal human primary 
epidermal keratinocytes treated with EGCG or GTPPs after various times of culture. Results 
from this study demonstrated that: 1) by promoting ATP production and new DNA synthesis, 
both EGCG and GTPPs "re-energized" the aged keratinocytes; thus, these compounds can 
presumably stimulate the regeneration of keratinocytes in aging skin; 2) by induction of p57. 
keratin 1 and filaggrin expression, and activation of transglutaminase, EGCG also stimulated the 
differentiation of the keratinocytes found in the basal layer of the epidermis. The combination of 
these two effects may help to accelerate wound healing and regeneration of new skin tissue, and 
subsequently prevent scar tissue formation. In addition, certain epithelial conditions may be 
amenable to treatment by topical applications of green tea polyphenols. 

MATERIAL AND METHODS 

Chemicals and antibodies: EGCG was purchased from Sigma (St. Louis, MO). A 
mixture of four major green tea polyphenols (GTPPs) was purchased from LKT Lab, Inc 
(Minneapolis, MN). GTPPs and EGCG were dissolved in keratinocyte growth medium-2 
(KGM-2, BioWhittaker) and filter-sterilized immediately prior to use. The rabbit anti-human 
p57 antibody C-19 was purchased from Santa Cruz Biotechnology (Santa Cruz, CA); tiie rabbit 
anti-filaggrin and anti-keratin- 1 antibodies were from Covance (Berkeley, CA). 
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Culturing normal human epithelial cells: The pooled normal human primary epidemiaJ 
keratinocytes were purchased from BioWhittaker (East Rutherford, NJ) and sub-cultured in the 
specific growth media provided by the manufacturer (KGM-2). Subculture of the epithelial cells 
was performed by detaching the cells in 0.25% trypsin and transferring into new tissue culture 
flasks, at the recommended density of 3500 cells/cm2. Exponentially growing keratinocytes 
were treated and harvested in their early passages (2-3 passages). Aged keratinocytes were 
allowed to grow in 96-well tissue culture plates for 15, 20 and 25 days prior to treatment by 
EGCG or GTPPs, followed by various assays. 

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] assay: This 
method detects the activity of mitochondrial succinate dehydrogenase (SDH). In a 96-well plate, 
1 .5X10* cells were seeded in each well. After 24 h treatment, culture medium was removed and 
replaced with 100 of 2% MTT in a solution of 0.05 M Tris, 0.5 mM MgC12, 2.5 mM CoC12, 
and 0.25 M disodium succinate (Sigma, St. Louis, MO) and the plate was incubated at 37o C for 
30 minutes. Cells were fixed in situ by the addition of 100 ml of 4% formalin in 0.2 M Tris (pH 
7.7), and after a 5 min incubation at room temperature liquid was removed and the wells were 
allowed to dry. Each well was rinsed with 200 jil water and cells were solubilized by the 
addition of 100 ^l of 6.35 % 0.1 N NaOH in DMSO. The colored formazan product was 
measured by a Thermo MAX micro plate reader (Molecular Devices Corp. Sunnyvale, CA) at a 
wavelength of 562 nm. Experiments were repeated three times with triplicate samples for each 
experiment. 

Analysis of DNA synthesis using the BrdU incorporation method: The BrdU cell 
proliferation kit was purchased from Oncogene Research Products (Boston, MA). Cells were 
cultured in 96-well plates at the density of 10* cells/well. After EGCG and GTPPs treatments, 
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cells were labeled with BrdU for 12 hours and levels of BrdU incorporation determined 
according to the manufacturer's instructions using a Thermo MAX micro-plate reader at a 
wavelength of 450 nm and subtracting absorbance measured at 562 nm. Experiments were 
repeated three times in triplicate for each experiment. 

Immunocytochemistry: Normal human keratinocytes were seeded in 8-well chamber 
slides (Nagle Nunc International, Naperville, IL) 1 2 h prior to EGCG treatment. At the end of a 
24 h treatment, the slides were washed with PBS and fixed in a cold 4% paraformaldehyde 
solution for 10 min. Then 3% hydrogen peroxide solution and normal goat serum were applied to 
block endogenous peroxidase activity and non-specific binding. The primary antibodies, 
rabbit-anti-human p57 polyclonal antibody C-1 9, rabbit anti-human keratin 1 and filaggrin 
antibodies were applied for 1 h at 37*C at the dilutions recommended by the manufacturers. The 
Streptavidin detection technique (Biogenex, USA) was used with 3-amino-9-ethylcarba2ole as 
chromogen. Negative control sections consisted of tissues treated with 1% diluted normal goat 
serum instead of primary antibody. Mayer's hematoxylin was used as a counter-stain. 

Transglutaminase activity assay: Normal human epidermal keratinocytes in early 
passages (2-3) were allowed to grow in 6-well tissue culture plates prior to EGCG exposure. 
The cells were scraped in homogenization buffer (0.1 M Tris/acetate, pH 8.5, containing 0.2 mM 
EDTA,20 tiMAEBSF,2 jig/mL aprotinin, 2 ^iM leupeptin and 1 jxM pepstatin A), collected 
by centrifijgation and subjected to one freeze-thaw cycle prior to lysis by sonication. Unlysed 
cells were pelleted by centriftigation and aliquots of the supernatant collected for the 
determination of transglutaminase activity and protein concentration. Protein quantities were 
detemined using the BioRad Protein Assay with bovine serum albumin as standard. 
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Transglutaminase activity was measured as the incorporation of [3H] putrescine into 
dimethylated casein, as described previously [14]. 

Caspase 3 activity assay: The Caspase 3 Apoptosis Detection Kit was purchased from 
Santa Cruz Biotech. Inc. Cells (10' per well) were plated in triplicate in a 24-well tissue culture 
plate. After 24 hr treatments with EGCG or GTPPs, the cells in each well were washed with 1 
ml PBS and incubated with 100 \i\ lysis buffer on ice for 10 min. To each well, 100 ^1 of 2X 
reaction buffer was added with 10 mM DTT. Finally, 5 iil of DEVD-AFC substrate was added 
to each well containing cell lysates. The reaction mixtures were incubated for 1 hour at 37o C, 
and caspase 3 activity in each well was measured using a fluorescence micro-plate reader at a 
wavelength of 405 nm for excitation and 505 nm for emission. 

RESULTS AND DISCUSSION 

Unlike a variety of tumor cell types tested, normal human epidermal keratinocytes were 
able to survive when exposed to EGCG or GTPPs [2. 3, 8, 21, 23, 24]. This survival ability may 
be due to a differential intracellular response when normal keratinocytes are exposed to EGCG 
or GTPPs. The mechanism of the survival pathway is under investigation, but it may involve 
regulation of pro-survival factors, cell cycle factors and/or cell differentiation factors at the 
transcriptional and/or translational level [3, 5, 6, 11, 15, 16, 17, 18,]. In addition, responses of 
aged keratinocytes may differ from those of exponentially growing keratinocytes. 

The pooled primary human epidermal keratinocytes, after 15, 20, or 25 days in culture, 
gradually lost their ability to either generate ATP or divide. At these time points, EGCG or 
GTPPs were able to activate the mitochondrial enzyme succinate dehydrogenase (SDH), as 
measured by the MTT assay (Fig. 1 A, IC and IE), up to 37 fold (25 days, Fig. IE). The 
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activation of this component of the tricarboxylic acid (TCA) cycle may provide biological 
energy and substrates for other responses such as new DNA synthesis. When aged human 
keratinocytes lost the ability to synthesize new DNA, especially after 20 + days in KGM-2, both 
EGCG and GTPPs were able to stimulate new DNA synthesis, as measured by BrdU 
incorporation assay (Fig. IB, ID and IF), up to approximately 3 fold (25 days. Fig. IF). To our 
knowledge, this represents the first observation that green tea components stimulate energy 
generation and DNA replication in aged epidermal keratinocytes. It was noted that for the aged 
keratinocytes at the 1 5-day and 20-day time points, lower concentrations of EGCG (1 5-50 (iM) 
had a slight negative impact on BrdU incorporation (Fig. IB and ID). On the other hand, EGCG 
concentrations higher than 100 |iM consistently induced both SDH activity and BrdU 
incorporation (Fig.l). Tlierefore, the age of the keratinocytes and the concentration of EGCG or 
GTPPs used are two key factors in terms of the effects of these agents on energy generation and 
DNA replication. Of interest is the relationship of aged cultures of keratinocytes to their 
differentiation status. Since human keratinocytes are prone to undergo growth arrest and to 
express differentiation markeis upon attaining conHuence [19], we predict that the response of 
keratinocytes in upper epidermal layers will mirror that of the aged keratinocytes. Thus, we 
propose that EGCG and the GTPPs will stimulate reentry into the cell cycle in the early 
differentiated (spinous) stratum of the skin. 

Previous data showing either growth arrest or differentiation of keratinocytes were based 
on observations in exponentially growing cells for which EGCG enhanced the expression of 
involucrin and increased the conversion of undifferentiated keratinocytes into comeocytes with 
concomitant growth arrest [1 1]. The current study further confirmed that the undifferentiated 
keratinocytes were able to commit to differentiation upon EGCG treatment within a short period 
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of time, accompanied by an elevation in the activity of transglutaminase, the enzyme that 
cross-links involucrin and other substrates to form the comified envelope [20]. When 
exponentially growing pooled normal human primary epidermal keratinocytes were incubated 
with 50-100 \iM EGCG, these cells underwent differentiation in 24 h, as measured by 
immunocytochemistiy using antibodies against human p57/KlP2 (a differentiation/growth arrest 
inducer), keratin 1 (an early differentiation marker), filaggrin (a late differentiation marker) 
(Fig.3), and transglutaminase activity assay (a late differentiation marker) (Fig.2). Note also that 
exposure to EGCG induced an increase in the number of enlarged, flattened, squame-like cells 
observed in these cultures. This morphology is typical of differentiated keratinocytes, providing 
further confirmation of the ability of EGCG to trigger cell differentiation. EGCG concentrations 
of 50 -100 ^M were adequate to induce cell differentiation and were accompanied by a marked 
p57 elevation (Fig. 3B), indicating p57 may not only be responsible for cell survival but also for 
cell differentiation [3, 5, 6]. The EGCG concentrations used are within the physiological range 
in humans [1 8, 21, 22, 23, 24 and 25], given the fact that after drinking preparations equivalent 
to two to three cups of green tea, EGCG secreted from human saliva, excluding other 
polyphenols, was measured at concentrations up to approximately 50 jiM (22.9 jig/ml) [26]. An 
in vivo study showed that daily topical application of 30 mg/ml EGCG (655 times higher than 
100 nM) for 30 days failed to induce dermal toxicity [27]. In addition, the viability of the 
keratinocytes was confirmed by BrdU incorporation and SDH activity upon EGCG or 
GTPP-exposure, and their apoptotic status investigated by a caspase 3 activity assay; there was 
no major alteration in these measurements (Fig. 4). In order to assess whether increasing 
polyphenol concentrations themselves alter and/or interfere with the BrdU and MTT assays, an 
oral carcinoma cell line, 0SC2, was treated identically. Both BrdU incorporation and MTT 
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levels decreased significantly [4]. This result suggests that the effect of EGCG or GTPPs on 
exponentially growing keratinocytes is a selective induction of differentiation, in contrast to the 
apoptotic cell death initiated in 0SC2 tumor cells. 

Thus, we report here, for the first time that, at certain concentrations, EGCG or a mixture 
of the major green tea polyphenols stimulated aged keratinocytes to generate biological energy 
and to synthesize DNA, possibly for renewed cell division. For keratinocytes in an exponential 
growth phase, EGCG or a mixture of the major green tea polyphenols potently stimulated these 
cells to commit to differentiation with minimal impact on DNA synthesis or energy levels. 
Stimulating differentiation of keratinocytes in the basal layer of the epidermis and energizing 
and stimulating cell division/DNA synthesis in aged keratinocytes could potentially reduce the 
time of healing and prevent the formation of scar tissue, which occupies the space not 
repopulated by keratinocytes. 

Therefore, green tea components may be usefiil topically for promoting skin 
regeneration, wound healing or treatment of certain epithelial conditions such as aphthous ulcers, 
psoriasis and actinic keratosis. In addition, the differentiation-inducing potential of green tea 
components might be beneficial to patients who have conditions characterized by abnormally 
accelerated skin cell growth and lack of differentiation. However, future studies are needed to 
determine the optimal time of treatment, concentrations and combinations of green tea 
polyphenols to be used topically for therapeutic intervention for various epithelial conditions. 

FIGURE LEGENDS 

Figure 1. EGCG and GTPPs Stimulate Mitochondrial Energy Production and DNA 
Synthesis in Aged Keratinocytes. Panels A, C and E. MTT assay results of normal human 
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primary epidermal keratinocytes cultured for 15 days. 20 days or 25 days in KGM-2 medium, 
respectively, and treated with increasing concentrations of EGCG as indicated, or 0.2 mg/ml 
GTPPs for 24 h. Data represent the average and standard deviation of triplicate samples. 
Experiments were repeated five times with consistent results. Panels B, D and F. BrdU assay 
results of normal human primary epidermal keratinocytes cultured for 1 5 days, 20 days and 25 
days in KGM-2 medium, respectively, and treated with increasing concentrations of EGCG as 
indicated or 0.2 mg/ml GTP for 24 h. Data represent the average and standard deviation of 
triplicate samples. Experiments were repeated three times with consistent results, and the above 
experiments were performed in parallel. 

Figure 2. EGCG and GTPPs Stimulate Transglutaminase Activity in Exponentially 
Growing Keratinocytes. A. Pre-confluent, exponentially growing normal human primary 
epidermal keratinocytes without treatment. B. Pre-confluent normal human primary epidermal 
keratinocytes treated with 50 ^M EGCG for 24 h. Morphological changes are evident, which 
suggests the cells have committed to differentiation. C. Comparison of transglutaminase activity 
(a late differentiation marker) between control and EGCG-treated cells. Cells treated with 50 
jiM or 100 |iM EGCG have significantly higher activity. Data represent the average and standard 
deviation of triplicate samples. Experiments were repeated three times with similar results. 

Figure 3. EGCG and GTPPs Increase Levels of Differentiation Markers in Exponentially 
Growing Keratinocytes. Panels A, C and E. Untreated cells. B. Cells treated with 100 ^M 
EGCG for 24 h and stained with antibody specific for human p57. D. Cells treated with 100 jiM 
EGCG and stained with antibody specific for human keratin 1. F. Cells treated with 100 \M 
EGCG and stained with antibody specific for human filaggrin. In all panels EGCG was shown 
to induce changes in cell morphology, increasing the number of enlarged, flattened, squame-like 
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keratinocytes observed in the cultures. These cell characteristics are typical of differentiated 
keratinocytes, as indicated also by the enhanced expression of differentiation markers in these 
squamous cells. Original magnification: 400X. Experiments were repeated twice with similar 
results. 

Figure 4. EGCG and GTPPs Exert Minimal Effects on DNA Synthesis and Do Not Alter 
Mitochondrial Energy Production or Apoptosis in Exponentially Growing Keratinocytes. 
Exponentially growing normal human primary epidermal keratinocytes were evaluated for DNA 
synthesis, caspase 3 activities and SDH activities following treatment with increasing 
concentrations of EGCG as indicated or 0.2 mg/ml GTP. The results of the BrdU assay showed 
slight increase of BrdU incorporation (A), while the caspase 3 assay (B) and MTT assay (C) 
not significantly affected. Data represent the average with SD of triplicate samples. All 
experiments were performed three times with similar results. 
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Figure 1 
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What is claimed is 

1. A method of determining if cancer cells are resistant to an agent comprising: 

determining the p57/KlP2 level in the cancer cells prior to contact with the agent; 
contacting the cancer cells with the agent; 

determining the p57/KIP2 level in the cancer cells after contact with the agent; 
comparing the p57/KIP2 level in the cancer cells after contact with the agent to the pS7/KIP2 
level in the cancer cells prior to contact with the agent; 

wherein an increase in the p57/KlP2 level in the cancer cells after contact with the agent 
compared to the p57/KIP2 level in the cancer cells prior to contact with the agent indicates the 
cancer cells are resistant to the agent. 

2. A method of determining if cancer cells are resistant to an agent comprising: 

contacting the cancer cells with the agent; 

determining the p57/KJP2 level in the cancer cells after contact with the agent; 
wherein an increase in the p57/KIP2 level in the cancer cells after contact with the agent 
indicates the cancer cells are resistant to the agent. 

3. A method of determining if cancer cells are sensitive to an agent comprising: 

determining the p57/KlP2 level in the cancer cells prior to contact with the agent; 
contacting the cancer cells with the agent; 

determining the p57/KIP2 level in the cancer cells after contact with the agent; 
comparing the p57/KIP2 level in the cancer cells after contact with the agent to the 
p57/KlP2 level in the cancer cells prior to contact with the agent; 
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wherein no increase in the pS7/KIP2 level in the cancer cells aAer contact with the agent 
compared to the p57/KIP2 levels in the cancer cells prior to contact with the agent indicates the 
cancer cells are sensitive to the agent. 

4. A method of determining if cancer cells are sensitive to an agent comprising: 

contacting the cancer cells with the agent; 

determining the p57/KlP2 level in the cancer cells after contact with the agent; 
wherein no increase in the p57/KIP2 level in the cancer cells after contact with the agent 
indicates the cancer cells are sensitive to the agent. 

5. A method of identifying an agent effective for the treatment of a cancer comprising; 

determining the p57/KIP2 level in cancer cells prior to contacting with the agent; 
contacting the cancer cells with the agent; 

determining the p57/KIP2 level in the cancer cells after contacting with the agent; 

comparing the p57/KIP2 level in the cancer cells after contacting with the agent to the 
p57/KJP2 level in the cancer cells prior to contacting with the agent; 

wherein no increase in the p57/KIP2 level in the cancer cells after contacting with the 
agent compared to the p57/KIP2 level in the cancer cells prior to contacting with the agent 
indicates the agent is efFective for the treatment of a cancer. 

6. A method of determining the therapeutic effectiveness of an agent comprising: 

contacting normal cells with the agent; 

determining the p57/KIP2 level in the normal cells after contacting with the agent; 

96 



•rilr £.5 |i • 3" iir! iil o o ..: .',8 . kz jL il 5 O icr£ 

contacting cancer cells with the agent; 

determining the p57/KlP2 level in the cancer cells after contacting with the agent; 

comparing the p57/KIP2 level in the normal cells after contacting with the agent to the 
p57/KJP2 level in the cancer cells after contacting with the agent; 

wherein a higher p57/KIP2 level in the normal cells compared to the p57/KIP2 level in 
the cancer cells indicates the agent is effective for the treatment of cancer. 

7. The method of claim 6, wherein the normal cells and cancer cells are cultured together. 

8. A method of optimizing the formulation of an agent for the treatment of a cancer comprising: 

contacting cancer cells with a first formulation of the agent; 

determining the p57/KlP2 level in the cancer cells contacted with the first formulation of 
the agent; 

contacting cancer cells with a second formulation of the agent; 

determining the p57/KIP2 level in the cancer cells contacted with the second formulation 
of the agent; 

comparing the p57/KJP2 level in the cancer cells contacted with the first formulation of 
the agent to the p57/KIP2 level in the cancer cells contacted with the second formulation of the 
agent; 

wherein the fomulation with the lower level of p57/KIP2 indicates the formulation of the 
agent more effective for the treatment of a cancer. 



9. The method of any one claims 1-8, wherein the cancer cell is an epithelial carcinoma cell line. 
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10. The method of claim 9» wherein the epithelial carcinoma cell lines is selected from the group 
consisting of an oral squamous carcinoma cell line, a metastatic oral carcinoma cell line, and a 
breast epithelial carcinoma cell line. 

1 1 . The method of any one of claims 1 -8, wherein the cancer cell is derived from a human 
epithelial carcinoma. 

12. The method of claim 1 1 , wherein the human epithelial carcinoma is selected from the group 
consisting of an oral squamous carcinoma, a metastatic oral carcinoma, and a breast epithelial 
carcinoma. 

13. The method of any one of claims 1-12, wherein determining the p57/lCIP2 level is by 
detecting the p57/KJp2 protein. 

14. The method of any one of claims 1-12, wherein determining the p57/KIP2 level is by 
detecting the mRNA encoding p57/KJP2. 
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